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FUl R 1 EARS CLINICAL EXPERIENCE WITH INTERNAL MAMMARY 
VRTERY IMPLANTATION IN THE TREATMENT OF HIM AN 
( OROXARY ARTERY INSUFFICIENCY INCLUDING 
ADDITIONAL EXPERIMENTAL STUDIES 

Artiilk Vinebfrg MD CM, D D Mtjnro MD CM (by inyttation) 
lIlPMAN COUFN MD CM (BY INVITATION') AXB IVlLLIAM BULLER 
M D C 51 (B\ 1NYIT YTION ) 

51o-ntrf.au Quebfc 

S INCE oiu first publication' m 1946 we have repeatedlv reported expeii- 
nicntal exidcnce suggesting that it was possible to giaft a third arteir into 
the left \entnele md hue it function in cmonar\ artere msufficiencv Since 
our last report mam points have been clanfied and the technique o£ implant 
his been greath linpioied It is non font sears since om first finman ease 
oi colon in arterv nuufnciei t\ a as operated upon 

A short levuw m puvioush pubbshed evpenmental evidence anil be 
given is well ns meat inhumation coneeinmg blood flow studies made on the 
iiiiiil mted internal niamnian arten The technique ot implantation will be 
biufh outluud md our results on the 'treattueut of twenti-nme human 
< imnoI (oionin irten msufikiencA gnen 

At this juncture let us consider two important-questions (1) lust how 
""twin is surgen in the tieitmeptj of coronarv arton ’insufficiency 11 ( 2 ) 

Mint t vpcriinental eudeme is nect^ed before a pi’ocedurO-can justifiable- be 
ns< d on hum m beings ’ ^ 

A riuni ol published statistics concerning the longevity and disability of 
p hunts with coronir' arttr' msufhnente is most enlightening and most 
dt limit h disturbing Tlierc is no cjuestion that every phesicnn knows ot 
pitunts who hue luctl nnm tears with angina pectoris Howevei an 
mih sis oi tin ucrige longiMte in a series oi cases throws a different light on 

this ipn stum 

.1 s,t r C '{ Im^UHi'smnn! U u »^ ,c< 1,1 Ln " ir ' 1,) n ”'> Du^umsm 

U A X 'm mV.!- in‘wm C liririp h ' - ' 

' . . m v' nm T'g r ,Vu Une Uf Th ‘ Ht.on for Thonolr 
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In J il'I* ! tin l«>mr<\it\ in p it it lit s MifKiitu. I r i»iii nmiin i putoris is 
t '!io\ m lor i utoiip i>i ifiji i ims ri [mi till m tin liiint htn ituu lln 
n*rn.t spin mini in ill i ims is \ull urnli i • i*_Iit u irs ami lsl’nkti md 
tssiici it 1 1 unl 1 >i u< k uni i sm ii i it t s ! w In > li i \ l rt pnrti <1 tin lm in st mini In r 
m i isis point out is probnbh fm n irs 1 he funn-is quoti d idir to nmnnn 
I>r<t(»ris \\ 1 1hi>iit i misnli i.ition m the presuuf oi il»s« in ( m i ornn ir\ 
thrombosis w ith ml u (turn 
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In i 1 I 1 I 1 II is slim m |oii’(\it\ util tin fust ittuh o, (oioiim mill 
sion Tin piti< nts piloted 1>\ ( oiiik i .md Holt 1 md I.fvnn mid 1’osi tib mm 1 
in i\ not li im Ii id tin In in tit o t iiimfi rn ( lrdioIo^K il not liods ot di itnosis 
'Ibis houiMi ( miiot hi sin! oi thosi ipiotid In hut. md ismkiiiis 1 fsii 
I ibb III > nn! sieb r Mthom.Ii V J ’> pi i u nt m ''i*rh r s p itn nts i n m il< s * 
md s , j p, r (i nt i m lb s i \ in tin i it tin i ml ot tin s.i ond \ i ir onl\ I > . 

pi i 11 nt oi tin in ili s ind .'I s p t r n nt oi tIn n m ill s m n iln t it 1 lu i ml m 

tin tilth m ir I In s fi_iins hm lion tikm Imm *i ritlnrlit!.i smirii »l 
I Jiis , v. n sirs ■ in mlh stmlnd md i uim*t in iiiiinmin d hit? md 
sMniitis 1 riportiriL l sv i ms with nutrition show i ininli u n>rt si rums 
pn tun 1 In \ ri p >i! th t J*« p r 11 nt oi tin n p tin nts i m ib id it tin • ml 

i•! two months 'in pi r • i nt it i In • ml oi on* \ i ir md 7'> p< i < i nt it tin i nd 

o thn * \ i rs 
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VINEBERG ET AL INTERNAL, MAMMARY ARTERY IMPI^TATION 

In Table 3H is shown the longentr in a senes of cases that haie had 

coronarv arten occlusion "with infarction 

Nois that Me have discussed longentr in peicentages, let ns considei 
ibilin of those Mho sure ne to m ork There is no doubt that patients rami e 
coronan mterv occlusion Muth mfaiction, but what kind of lues do thev 
lead 0 Hon mam are capable of working and, if then aie noikm c on ™ an 
of them are svmptom free" According to Fnedbei g’ 9 about 53 per cent return 
to nork but of these onh 32 pci cent axe able to vrotk full time Thus when 


Tvbll rn Ptotnosis With Cofosafy Aptepy Occlusion With Infvfction 


\t*THnr 

.NDlBffi or PATIENTS WITH 
COPON APT THEOMBOS1S 

MORTALITY 

traimr unit Holt, 1930W 

2S7 

lb 2 dead—first attack 

Bedford 1035n 

31 

6 montlis 

I cum mil Ro=enbaum, 
mill. 

372 101 fatal cases 

3 4 veaTs 

Master et al, lOSGw 

243 S% dead up to time of dis 
charge 

25% dead, 2 months 

50% dead end of 1 vear 

75% dead end of 3 Years 

Katt et ol 10491- 

4SS with infarction 

Sigler, T II , 10491' 

1 20S 423 died after one nttack 

Ay longevatv 3 S vr (M) 

or more 

Ar longevatv 31 rr (F) 


7S5 alive after one or more 

Ay longevatv -4.0 vr (M) 


attacks 

Ay longevatv 4 5 yt (F) 

I’rut k and Crumpackai: 

1,302 cases—previous infarction 

5 vr survival 45 9% 

10 vr survival 26 0% 

k>rv and Gagci" 

204 ea=es—subsequent mfarc 

5 vr survival 412% 

tion 

10 v r survival 22 7 % 


mc speak ol approNimatch 50 pci cent fhe-ceai sut rivals after coionaiv 
occlusion with infarction, one does not consider hon niaiiv of these people who 
smneed aie useful citmcns In a general stride of statistics one is surpnsed 
to fmil that onh about IS pet cent ot those uho sumie are able to retuin 
to i lull ind active life 


\om there is no doubt that cvetv phisician and cvetv cardiologist kuons 
ot pitunts nho hare survived tventv vents ot longct following the onset of 
imini i pi (tons and nho bare nothed and lived leasonablv acti\e lives 
Hun itc in tm such cases icpoitcd m the literatute These cases, however 
iu tin exception rlthci than the title is evetv genetal piactitioner hnous 
'Huts u is (K ii that from the most optimistic figutes less than 50 pet 
• mt ot pHunts with one coionm ntci\ occlusion Mill he nine at the end of 
fi\< re us uul hss than one tluid of those Mho survive the first attack ate 
sMnptotnit < iml ate < ipihl. of Brimful occupation It Mould seem ftom 
tin iicuris pr» suit, d tint tin disc iso \ roeriesses aftei the first cotonnrv occlu- 
mo„ t < i tamh this ipt.eais to h, true betMcen the first and fifth a cats aftei 

ih. initiil ittai h is,, Tib], ID h itnial for, es in the toim of collaterals take 

m,r ut, r th, first inmiiui m, lusion md m nut mi the nnoeardial muscle 
, r " 111 r ' ‘"“dition 1 n tort tin itch the process of coronarv arterr 

s. hiosis is pn.uissn, s„ tint irradu tlh morr and more collaterals are shut 
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Tin mniMi m tiiokmk m m.i i \ 


oil tn«l niori mil muri must le lx < hiiks fibrotu '1 Inis it n ww souk e nt blood 
i m lw hi ought to tlu in \ hi iriliiiin hi ton it isdistrmid then isiun roivin 
t<> In In m that iiirtli< r iiimic mil il d(stiin turn c in lip stoppi il 

It must In ri mi inlipri il that the 1 tine turn il unit ot tin lipait is tin mui 

• min! filu i (bin this is distinMil it < iiiimt In* icjilniul "Whin a trro it 
iiiiiiiln i nf tin si tihi is m (UstiiiMil tin ipsiru ot the lio.irt is gn itl\ 
diminislud nul i\<ntudh i condition is n nbed win re so mam iiimk ar<li il 
hhiis Inn In i n (Itstimul nul rt plated h\ fihrous tissue that tlu most ideal 
mitliinl of r<\asi ulai l/atnni i in do nothin" to help such a In ut 'Ihiiefnn 
it is important to n ih/i that tin ii\ asi ulari/itnm ol the nnoiardium should 
In attimptid is soon <is possildi to pn\(iit pioirnssm distiuitnui and 
ultimnti tat il loss ot umu irdi il tiluis The onsi t ol inginn m smic tot in 

is in mu opinion a difimti iniln itnui t<>i making .in ittinipt it sttign il 

ii\ is« til n i/ itimi ot tin ni\in ni diiini This will lie dis< ttssi d litii uiuh r 
indu itnuis 

/ f/ifmiit nlitl (ntinu —It has otlin him sinl of < \p< 1 mu ntatuin tint 
wlnt istiiu ot tlu annual does not tuiisstnh i ppl\ toman mil tinnlnit that 
i sjn i mu ntal i \ nh m i is ot htth \aliu T his is paiti ill' tint llmuui whit is 
mm h mon Itlv* I\ to hi trtu is that it a jiiouduii dins not woih in tin limit of a 
dim' in a pi" it is not at all libel' to In ot \ dm in tin in ut ot a human Ihiiis: 

I ai too m an in w nn dnd nul surgu.il tieatnnnts Inm linn tmd out on 
hum in In in _s w it limit h i\ in" In i u adi «|ii it* h t( 'ted in tin I ihontm \ 

M nn in w diimshiM Imn ustd in tin tieatnnut ot angina pi < tons w lin li 
w< ri it first h nled with inthusiism mil' to hi dismnhd in tlu light ot mid 
tuts Iihiwi'i nniiu mils smgual pi in i duii s hi't Imn di \ isi d i nli to 
liiii a iiu I'lin ol popularity laigih di p( ndent upon tin pi isoiiality uul 
iiarg' ot tin surinmi who di\« loped tin pint t dun nul • u h in turn hlo 
othi i tot m ol tn attaint tola lati r ah mduiu d Piutualh ill ot tin si hi in' 
t In i n pi lit ii mi isiiiis win tmtiuhd on «Imn d and not upon !dimilm\ dal i 
I hi 11 m so in in' unknown tutors in d» 1 1 1 nir with hum m toroinn 
utiH insulin n in i th it tin 'dm oi nn < linn d nn tliod o| ti, itiiu nt is innst 
ditlu lilt to t ' du iti Minh t him ilipsisimd iniin 1ms m lost in ton tin 
in ili ipi u \ ot tin t ri at nn nt In i onn s ipp n i nt 

Thin i' lit t Ii 11 in stum t h it In ton i no thud m sui gu al 11 \ isi ill iri/ it mn 
is itti in pit d on hum in • i'i s , 111 iiu mini nm at d i \pi rmn nt d t nts must In 
is. i 1 1 uiti d i m* 11 mm: tint pirtuulii nnthod In mir opiai.in tin aiiiina d 
|!.!stul tis tint iri mil's r' to pro'i tin ' din ot i\tru mlin i in id itnm 
ir. ti'i in i iti in IK r T In s' m i\ In ill' nli <1 into ' 1 ' anitmanal nul t ) nun 
r ti .ri 1 it.. I .1 f. r li i^ tmir slllidl'1'imis i h i Hid d 
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INTERNAL MAMMARY ARTERY IMPLANTATION 


anatomical pi oof of the existence of anastomotic channels 
coi onai i aitenoles and an ext!a caidiac somce of blood m 
sufficient, it is necessais to pioxe its functional lalue 


betw een the 
itself is not 


2 Functional Value of an Extracardmc Blood Souicc 

a Sumval following ligation of one of the majoi coronary vessels Sm- 
vnal of animals following ligation of one or more coronaly vessels without m- 
faution gives linpoitant functional evidence as to the calue of an extiacaidiac 
somce ot blood in leplacing an obstructed eoronarv iessel Tins is tiue, piovided 
all occluded artenes aie inspected aftenvaid to make certain that (1) the occlu¬ 
sion is complete, and (2) that there are no branches proximal to the site of oc¬ 
clusion which aie open The lattei is particularly true of ligation of the 
antenor descending bianeli of the left coionan Fiequently the septal branch 
anses directh fiom the left coionan arten Ligation of the antenoi descend¬ 
ing bianeli in such animals cannot be considered complete It has been oui 
custom, when this occurs, to exclude such animals from both the control and 
Heated senes In tins wa\ a much clearei pietuie is obtained with legard to 
sums a! following antenoi descending branch ligation 

b Intcri uption of the cxtracoronary circulation When animals survive 
.uitoiioi descending branch ligation following a rev asculamation proceduie, it 
is issunied that the mayontv sunne because of the blood supphed to the mvo- 
caidiuni fiom an extiacaidiac source If this is true, then interruption of this 
extiacaidiac somce ot blood should lcsult in immediate death, or sure real with 
i huge infaiction 

c Finn measutements of cxtracaidiac blood source It is important to be 
able to me asm c the amount of blood dcliveied to the myocardium bv an extra- 
cmdiac blood somce In addition it should be shomi that the blood which flows 
into the lieait is actualh used In the functional unit of the heait—the imo- 
caidinl fibci To dcteinunc whetliei fiesli aitcnal blood to the heart does not 
In pass the nnocnidnim but is aetunlh used bv the heart muscle, oxvgen con¬ 
sumption studies must he made 

d Production and treatment of artificially produced coionary artery m- 
suftu mini The pioduction m animals of coionan arten msufficicncv and its 
tre it me lit In the inti eduction of an cxtracaidiac somce of blood is \en im¬ 
portant This can he done In wiapping a piece of Dupont P-T 300 Cellophane 
uunml the oi igm of the antenoi descending arten and slowh i educing, ovei 
sc \end months the exorcise tolcinnce of the animal to a -een low point ’ The 
successful inti eduction of an cxtraeardiae source of blood into the ischemic 
nnoc u,bum should result in a leturn of the annual’s toleianee to exeicise 

is comp uc cl with the untreitcd and mcapautnted animals 


Ihrcc difTcipiit tvjus „f smgical piocedmc aie now used m the tieat 

T" hu " nn nntrn,a (1) pcneaidial caidiopexv (2) artcuahn 

'i-o -« th. e-ronan sums ind (3) internal man,man a,ten implant 

lb fore Prccn.mg the mtorn d mamman arten method of masculanmm 
U" 'nitriculm ,mo< irdmm winch lms been developed and tested m the ex,mn 
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mental laboratories ol McGill Uim ersity during the past eight and one halt 
icars, let us examine the anatoim of the nn ocaidmm and the pathologc of 
coronaij aiteiy disease 


YRTERIALIZATION OF THE INTRAMURAL A-ESSELS OF THE LEFT VENTRICULAR MUSCLE 
BA MEANS OF INTERNAL MAMAURA ARTERA IAIPLANT ATI OX 

Befoie pioceeding to the details of this method for the ica aseulanzation 
of the a entncular muscle, a shoit leAiew of the histological, anatomical, and 
pathological structuie of the mjoeaidium must be gnen There aie tAvo 
factois noAV geneialh accepted upon which the proceduie of nitemal mammaiA 
aiteiy implantation is based one is the anatomical pattern of the nnmcaidial 
cn dilation, the othei is the modem concept of the pathologA r of coionan 
aiteij sclerosis 

1 Anatomical Structure of the Ventricular Myocardium —It is Avell known 
that there aie man\ r diffeienccs betAveen caidiac and skeletal muscles The 
differences m A\lnch a\c aie most inteiested concern the peeuliailj neh network 
of blood vessels which supple the miocaidial muscle fibers Actuallv, theie 
exists AAuthin the mAoeaidium a rentable sponge-woik of vessels Their airange- 
ment is giaphiealh sIioato m Fig 1 As the smallei branches of the coronan 
artei les subdmde, thei leave the surface of the heait and penetrate the myo- 
caidmm at light angles As thee approach the endocaidial surface thev lesume 



Fis 1—Relationship between the \arlous components of the coronao circulation 


then hoii7ontal dneetion and aibonze into a neh aitenolar bed fiom which 
the capillaues anse Tlie artei lolcs also comnmnicate duectlA a ith simvoid 
aitenal spaces aaIucIi connect A\ith the nnocaidml sinusoids These lattei agsscIs, 
with a lumen of fiom 50 to 250 n m diametei, urn a vende mg comse about (lie 
muscle fibers and anastomose with each othei and the capillaues Because ot 
the structuie ot the imocaidium, an implanted internal mammaii arteie with 
an open attached inteicostal acsscI fails to foim a suiiouncling hematoma and 
remains patent toi an indefinite pcnod of time 

The second faetoi which indicates that interna! mammal a alien implant 
will lie a successful method of treating eoronaiA artei \ msufficicucA is based on 
the pithologic charnctei and disti ibution of eoionan aiteic disease 

2 Pathnlotp/ of Coronary Artery Disease —The gencralh accepted idea that 
eoion u\ nrtere disease is widelc spiead thiougJiont the eoionaii tice has not 
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VTsEBERG ET VL. 


INTERN'VL MAMMARY ARTERY IMPLANTATION' 


been home out bv pathologic studv Arteriosclerosis of the coronary arteries 1 
usualh if not alwavs confined to the epieardial part of their courses and neic 
involves the penetrating imoeardial branches to anv significant degree Thus, 
m coronal v arterr sclerosis there is a vast network ot arterioles, etc, deep witfi- 
m the mv ocardram which are fiee of disease 3 ' ” If arterial blood is delivered 
to tins network, then it can leach all parts of the ventricular mvocaidinm An 
implanted internal mammal v arteiw thus can bridge over the blocked superficial 
coronal \ vessels so that arterial blood can reach the intact deep arteriolar system 
of -vessels which are still open and free of disease 


t’s.M’ih n mtn ait: auu ujicu uuu --' _ 

In the evolution of luunau eoronarv arterv sclerosis a similar 




It has been shown be Zoll' 3 that m the noimal human heart mtercoronarv anas¬ 
tomoses are rare However, in the presence of arterial occlusion, mtercoronarv 
anastomoses dec clop distal to the point or points of occlusion The develop¬ 
ment of such mtercoronarv anastomoses occurs frequeutlv and probably pre- 
ccnts imoeardial mfaiction when the occlusion develops slowlv Zoll -3 reports 
a stuck on a human heart with occlusion of the left antenor descending, left 
circumflex, and right coronarc vessels, of such extent that the major portion of 
blood supplied to the heart came from a large separate conns arteiv which 
was connected with small branches below the points of occlusion in the descend¬ 
in': eoronarv arteiv 

It is therefore, not smpnsing to fmd that an implanted internal mammalv 
arterv earning a high piessure and placed bevond the point of eoronarv 
arterv occlusion and among the deep mvoeardial "vessels into a low piessure 
aiei is capable of vaseulnnzing the left "ventricular vessels TTe feel that the 
term "collateral circulation” should be resened for mtereoionarv anas¬ 
tomoses Revascularization of the mvocardium bv collateral circulation can 
onh occur provided one of the major coronaiv vessels is still patent In the 
pi esone e of major disease of the eoronarv v essels this can only occur through 
mechanical development of an extracoronarv souice of blood This occurs so 
rareh under natural conditions that it is useless to await its development 
The futihtv of waiting is borne out bv the high mortalitv rate of eoronarv 
disc iso treated bv medical measures onh 


The use of the left internal nnminarv arteiv ns an extracoronaiv source of 
blood supph was first attempted bv us expenmentallv in 1945 aud in 1950 vve 
ippbed the procedme to our fust human case of eoionarv arterv msufficiencv 
Ho experimental data upon which the implant procedure is based have fre- 
tpnitllv been published but will be brieflv review eel here 


VX VTOVllC VI I ROOl OF VI VVIM VU\ CORON \K\ \N V'CTOVIOSIS 

Procedure —The left internal nnanimarv arterv is freed from the chest wall 
rom the fourth to the sixth intercostal space The distal end is doublv ligated 

,f, r >n ;v ,tn,ures a the ™tm«p wan 

"""' V"""" IK " 1 T1 " >"«""•»"*«' 'OV. 01 , „l„d, nr,sc f"lm , 1 ," f d 

portion oi the intern il mamnnrv ailciv arc ligated except for the sixth 
" ' ,v transected wist bclorc Ibe implant is pulled into i"h 

. . . ..— . . .- :::: 
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\eutiiculai uijocaidium, with ail open, fieelj bleeding 11 itcicostal blanch 
(Fig 2) In anotliei technique, the aiteij is bmied with its end open (Figs 
C and 7) 

In pieMous publications-^ =0 it was shown that an anastomosis developed 
between the implanted internal mammaiy aiteiy and the left coionaiy eudi¬ 
lation The piesenee of such mammaiy-coionaiv anastomoses in dogs was 
pioied in the following niannei 


dxitxil port\OTv 
otf mtarrca.! 
Tt\artvrtva.rij 



mammanj- 
corotvarxi ' 
anastomoses 


' left vc/tvbncl© 


Up 2—Internal mammnrj arter> detached from Its chest wall attachment and burled In a 
tunnel In the Jcft \entricuJar mjocardlum Open stumps of intcrcostn) not shown 


catvtv-ula 
in, f 

L. corotvarij a 


ScHl&smcer s solutiotv 
recovered. 

^ here 
( r 

ocHlcs me cr s 
soluUiotv 

xr\-i©ctttd 
her® 


CLT\t>. \ 

s o©T\ciirvq 
bratvcK^" * 

r ° r V 
Ucoronc.ru cl 



circumflex a. 


- implanted, 
mtcnuil 
mammart 


FIp 3-—The method b\ which Schleslnper s Injection mass Is Introduced through a 
cannula placed in the Internal nmmmnrj arterj weeks to months after Implantation In the 
presence of coronal*} mnmnmrj anastomosis the Injection mass spreads throughout the left 
coronnrx arterial network and cmerpes from a second cannula placed In the mouth of the 
h ft eoronan arterj 


Weeks oi months nftei implantation the mimals weie sacniiced Two 
sepm.ite c nnulns weie used one was nisei ted into the internal mammai c 
utem facing tow aid the heait the othei was tied in the mouth of the left 
(iiionnn si tom The heart and attached intei nnl in,minim utem weie le 
mined fiom thi thoiacic ca\it\ and Schlesmger’s injection mass was intro 
ducid througli the intern'd mninmnic aiten This liiieition mass is known to 
pass ficih thiough no \essel smaller than an arfenole 40 micions m diametei 
Where tlioie was a lnige mastomosis the injection mass was seen 1o cntei the 



mxttorg et u, intern* vn summary artery diplaxtatiox j 

internal mamman aiteiv, spread thioughout the coionaiv artenes of the left 
ventricle and fill the cannula placed in the mouth of the left coionaiv artery 
(I lg 5) This uould indicate that the anastomosis is with, the aitenal lathei 
than the lenous side of the coionan cn dilation Aftei injection, x-ravs weie 
taken to show the distribution of the injection mass thioughout the coionan 


til dilation 

rollowmg viai studies sections weie taken thiough the aiea of implanta¬ 
tion and serial section studies weie made These senal sections showed 
blanches leaiing the implanted internal mamman aiterv and these blanches 
, mild be followed out into the myocardium In Fig 4 senal sections aie 
shown which ha\e been taken thiough the site ot internal mammalv aiten 
implantation toitc-eight dais attei implant Note how the injection mass m 
the lumen of the implanted internal mammon aiten can be followed out 
thiomrh a new biancli into the nnocaidium 

lining pioied the piesence ot mammaly-coronal\ anastomosis bv injec¬ 
tion In i adioginplut studies and In senal section it was then decided to 
ittnnjit \isu lli/ation of the anastomosis In plastic casts 

I mm a few dns to mun months aftei implantation a plastic solution 
was injected into the pioximal end of the internal mamman aiten At the 
same turn sumlu plastic solutions of diffeicnt colon weie mtioduced into 
the lift coionan aiten and the coronary yems The injection mass did not 
intci the capill in ycssels And and alkaline solutions weie used foi diges¬ 
tion mil the lcsulting casts weie studied undci the dissecting nncioseope 

Two ty|ics of implants wcic studied one in which the internal mamman 
aiten w is bulled within the myocaidium yvitli its end open and the othei 
with it closed but with an attiehed open bleeding inteicostal blanch 'When 
the intern'll mamman aiten is buned y\ith its end open and bleeding into a 
lmoemlnl tunnel an inastomosis occuis between it and the left coionaiv 
irtelioles within fne el ns The entnc left coionan aitenolai system can be 
filled with plistn subst nice thiough this implanted aitciv (rigs 5 and 6) 
V 'H , 1 | mastomoses line been found to be piesent at least two and one half 
months after implantation (Tig 7) 

Villen the internal luumiinn aiten is buned with its end closed but with 
m open sixth internist d aiten le the stanelirel implant desciibcd fie- 
'lmntK during the pist eight semis then the aiten can be seen to luancli 
it tin i ml m tweUc d ns (Fig S) 


This, brim lies glow md at the end of three to four weeks are well- 
lornud arte nobs whieb join up with ntenoles lying in the left yentncular 
■ mo, iid.uin (1 ig 0) ti 10 anastomoses between the new brinches fiom the 
iiitTiul mimmin lit.n md the utenoles i»f the left »nionan aiten are 
"'" u ' r "ot usuilh Hilly de y( loped under six weeks to two months 

In -o„ie oi our nil,,ted speemiens the . is t s show tbit the new brn«e.l,« 

riTi',""!. ,r " n "' l ' s »■»> Oie coronnn 




Serin] sections through site of Intcmnl mnnimnr) artorj Implant fort>-cight dajs 
aft* r Implantation allowing branching of transplant with injection In lumen 
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FUNCTIONAL VALUE OF At AMM AR\ -CORON ARY AN ASTOMOSIS 

Ilistoanatomical pioof of anastomotic channels between extiacaidiae 
aituial sources and the coronam circulation gi\es no mdication of its func¬ 
tional -value Tlus is true not onh ot toionarv-uianimaiv anastomosis hut of 
ill other piocedmes used foi augmenting imocaidial cndilation Functional 
tests gne the best indication ot the value ot the new aitenal blood supply 
These mav be divided into foui groups 

A Sumval expenments following ligation ot the antenoi descending 
blanch of the left coronarv aiteiv 

It 1'cmoval of extiaeorouaiv cu dilation 

C Experimental production and treatment of eoionaiv aiteiv msuffi- 
ciencv 

I) Blood flov measuiements of the internal mammaiv aiteiv attei im¬ 
plantation 
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left coionan aiten borne claim a low moitalitc foi this pioceduie, and 
othei s claim a high moitality The majontj of imestigatois haie found the 
moitahtc m dogs to lange fiom 70 to 80 pei cent In om senes of ten 
contiol clogs, the aieiage moitahti late fiom antenoi descending blanch liga 
tion was 80 pei cent It is om belief that the gieat canation in moitahty 
lepoited m the liteiatuie following antenoi descending biancli bgation is 
dependent upon the site of ligation 



Up G—Same cast as Fip 6 except that the coronarj 'essels superficial to the Im 
planted internal mammarj arterx were renioietl to show underljinp internal ninnimar> arterv 
Note how In fl\e dn\s jewels lea\e the implanted Internal mammarj arterj to join the left 
coronarj arteries 

Method of ligation The antenoi descending biancli of the left coionan 
aiten should be ligitcd at its ongin The position of the ligatuie must be 
( uifulh cheeked hi examining the left column aiten to make ceitain that 
tlu ligatuie has included all blanches othei than the ciicumflex Fiequenth 
one 01 two septal In inches me missed and occasional!! blanches anse fiom 
the main ti link of the left < 01 omin ai tei \ 

An inahsis of the lesults of intenoi descending biancli ligation is shown 
in Table IV A total of 7S clogs had antenoi descending biancli ligation 
Thoie weie 10 contiol animals md *10 othei animals m which the coionan 
cii ml it ion was not augmented In this gionii of animals there was an ocer 
ill 80 pci nut moitalit! with i 20 pei cent suinnil with lnfaiction In 20 
uiini ils in which a lai ge mam man coionan anastomosis bad dec eloped there 
wen no deaths md no infaictioiis lollowing antenoi descending biancli liga- 
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Table IV Experimental Data (Vinebetg and Assollates) 


LIGATION ANTETIOP DESCENDING BRANCH OF THE 
LEFT COPON AFA AFTER A 


1 


scrvit AI 

[ SURVI1 VL 

✓ 

o 

o 


j WITH 

WITHOUT 

I DOCS 

DEATH 

1 INFARCTION 

INFARCTION 


Control 10 S0% 20% 0 

Intornnl ninnini ir\ nrtcn implant 39 80% 3% 17% 

nnil/or other experiments but 
without iiugmi ntation of the 
ooronnn emulation 

Tntf rn il iinmnmn artert implant 29 100% 

with < oronnn anastomosis 

Intrrnnl ninmninn arterx after Implantation forms anastomoses aaUIi coronarj circu¬ 
lation In from oft to 75 per cent of animals operated upon 


linn Thus it Mould seem that coionait-mammal v anastomosis not onh in¬ 
ti oases coionan oi dilation but gnes piotection against death and mfaiction 
The cxpeilinental data shown in Table indicate that corona w-mammaiY 
m istomosis when it ocems, is of talue m piotectnig against death oi m- 
faietion Hottetei because of the diffeiences of opinion concerning the table 
of sin\nnl attei descending lnaneh ligation, a second gioup of functional 
t Npei urn nts t\ oi c pci foi med 
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FIs 8—Internal mammarj arterj freed from chest wall between fourth and sixth Inter 
costals and placed in l inch Ions tunnel in the \entrlcular myocardium with open stump of 
sixth intercostal This animal died of pneumonia twel\e dajs later Cast made by injecting 
internal matnman artcr\ with \in>lite plastic and cut away to show burled internal mam 
mnrj arter> with stump of sixth intercostal (arrow) Note tufting and branching from open 
stump of sixth intercostal attached to mte-nal mamrnno arterj 



Fit: q —Section through human heart at «?ltc of Internal mammam arterj implant C2 
hour** later Note how the \es*el lies open between the m>ocardial nbers and the absence or 
surrounding hematoma. Till* Is remarkable because the arten was pulled into position with 
an attached open bleeding Intercostal \essel The absence of clot In the lumen of the 'C^sel 
Is likewise to be noted 
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B Removal of Eriracoronanj Circulation —Animals winch summed an- 
tmor descending branch ligation of the left coionaiv arterv were subjected 
fom to fi\e weeks later, to complete and sudden occlusion of the implanted 
internal mammon arten If the internal mammaiv arteiv was maintaining 
the circulation ol the left lentiiele, then following ligation either death 01 
mlarction should result This is exaetlv uhat happened In three of the 
mimals with an internal mammaiv aiterv implant uhich had suimved 
intenor descending blanch ligation the internal mammarv arterv uas ligated 
One annual died immediatelv Another animal died within twenty-fom hours 
and displaied an edematous, cianotic area of the anterior uall fiom a large 
mfaict in the same location Another animal sunned, but examination of 
the sauificed specimens revealed that multiple mtercoronaiv anastomoses 
w ere present 

In all these animals there was a demonstrable mammarv-coronan anasto¬ 
mosis There can be little doubt that m those animals which died following 
internal mammal \ arten ligation the circulation oi the anterior portion of 
the leit ceiitiicle i as being maintained bv the internal mammarv arterv 
implant 

The endencc just pieseiited suggested that the internal mammarv arteiv 
after nnpluit.ition into the left xentneulai wall is capable of maintaining the 
left \ciitrnular circulation These expel iments, howevei, were carried out on 
tin be aits of normal animals Therefoie, it uas necessarv to attempt to 
ntifinalU produce eoronam aiterv msufficienca and to treat it bv internal 
m miinn aiten mipl intatmn Thus uc set out to evpenmentallv produce 
md tieat <oronan arten insufficient and so establish a third functional 
t( st of the \alue of an internal mnimnan-coionarv anastomosis 


(' Lxperimental Production and Ticntmcnt of Coronary Artery In- 
v vfnnauy —Tn tins scries of experiments coionan arterv msufficiencv uas 
pi mimed in dogs and tieated In internal mammal a artere implant The 
first problem uas to find a method of producing coronarv aiten occlusion 
' huh uoiild simul ite that winch oceuis in human coronarv scleiosis The 
stumd pinblcm concerned the e\ablation of coronal\ insufficient when it 
' isptodutul and its response to tientment 


Method 0 } producing coronary artery insufficiency Tlie anterior descend¬ 
in': brainh of the lett eoionan aiten u is exposed at its origin Beneath the 
bit mi unit entrnulai sub us to the le't of the pulmonan tiunk the epi 
< ird.um meihme the \csm 1 was mtsed and the bifureition of the main 
' oro" in utin exposed \ double folded stnp of Cellophane (Dupont-P-T 

’ v1 ' r ." mI f ° r Uwn1 ' fo,n h " u,s 1,1 « saturated solution ot mercun 
"iV-Mindi was tune wrapped eompbteh but looseh mound the orunn of 

!'" U "Z of ,h <* 1(l lt emonan aiten and fixed m 

I" o„ Thus a scgnnnt of arten from 4 to S nun long a .,s mmpleteh 
surround. .1 r ith ( .llnphane mpieteh 

Th. l.llnphuH miti.U.l a fibroplastic naetmi, nth eollagen deposition 
Vs sul»s,.,u,nf «ontrac turr ot the nn f]„o„s tissue 


d oil tin irti n 
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occuned, the lumen of the nntenoi descending bianch of the left coionan 
aiten was slowlv nan owed Gi actual!}, that poition of the myocardium 
nounshed b\ this vessel liecame ischemic 

At the end of the expeiiment w hen the animals weie sacuficed, the 
antenoi descendmg bianch of the left coionaij aiten was piobed to detei- 
liniie the extent of the liaiiowmg 'sections were made thiough the aiten at 
the site of the Cellophane map, and caieful histologic studies made of the 
degiee of coionaiy occlusion 

Method of evaluation of cvpcnmcntalhj pioduced coionary insufficiency 
and its treatment Ereicise toleiance test In human coionai} aiteij in 
sufficiencv there aie two outstanding sjinptoms, namely, substemal pain, and 
intolerance to exeicise In the dog, it is most difficult to detect the piesence 
of pain It is, liowevei, not difficult to determine accuiately the animal’s 
toleiance 01 intolerance to exeicise 

Clinical and pathologic expenente have associated piogiessne exeicise 
nitoleianee with piogiessne nnoeaidial ischenua Thus, in the experimental 
animal, piogiessne diminution of exeicise toleiance has been accepted as 
evidence of mjoeaidial ischemia In this senes of experiments, mjocaidial 
ischemia -was pioduced In a Cellophane wrap placed aiound the ongin of 
the antenoi descending bianch of the left coronal} aitei} Exeicise tolei 
ance studies weie earned out liefoie and after Cellophane map Later, after 
internal mammaiy aiteij implant, thee wcie repeated in oidei to establish 
whethei improvement liad occuned 

A tieadmill was used to exercise the animals This was made oiiginallv 
foi man and was thus ion satisfactory foi exeicising laige animals The 
exeicise toleiance of each animal was established pnoi to mapping the 
antenoi descendmg bianch with scleiosing type Cellophane Two gioups of 
animals wcie studied The fiist gioup was composed of those animals in 
which coionan aiten lnsuffkienev was pioduced be Cellophane occlusion of 
the antenor descending bianch, and tieated be internal mamman aiten 
implant In this senes the aceiage 1 uniting time was lcduced fiom 9 12 
minutes to 2 5-4 minutes, at S!4 miles per houi tlnce months aftei Cellophane 
wiap These animals weie given an internal mammiij aiten implant and 
tluee to fi\e months latei, the limning tunc had lctuined to 6 to 8 minutes 
lespectivelv wheieas the conti ol animals had an aveiage iiinning time of 1 fi 
minutes it 8*4 miles ]iei houi In those animals with an implant m which 
the tunning tune had ietui nod time was a wide open coionan mamman 
anastomosis 

In the second gioup of animals an internal m unman aiten implant was 
performed at the same tunc as the Celloph me wi ip aiound the antenoi 
descending bianch AMmc tlieie was a wideh pitent mamman coionan 
uiastoniosis tlieie was no appienable ieduction m exeicise toleiance 

D lllood Flou Measurements of the Internal Mamman/ 1 rtery tfter hn 

plantation — 4Te isurement of the amount of blood delivered to the heait bv an 
implanted internal mamman arten, five six, and seven months after nil 
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„ lintatl „„ have been made bv means of a graduated biochemical brnette a 
lip natch and a piessuie tank (Fag 10) The left subclavian and ndern 
linmmar' arteries me isolated the lattei down to its point of entiv into the 
hoirt and a cannula placed in the subclavian aiteiv The outlet ot e 
hiuette is connected with the cannula m the subclavian aiteir and the top ot 
the burette to a pressiue tank The time taken toi 10 e c of blood to flow 



Hu — \ imm vile tepr of the perfusion apparatus lor the measurement 

< f Mood Mow thn uuli th Implanted int< mil inanim ir* nrter% The rate of blood flow per 
nilnnt I d* t rmin* l b\ clocking with n ^top mtch th f time taken for 10 c.c to flow through 
tin Int rrul m imtinn nrt r\ How rdts \t pre^ur**- to nbo\e an I below the carotid 

M *od i r ur w * r« "dudi d 


mto tlu lu irt thunurli the inteind in minnn aitci\ was measuied b\ a stop 
uitdi is expressed in iulm centimeters ot flow per minute The flow rate 
li is Ik in studied it piinisiem pussmes above below and equal to the caiotid 
blood pre sslil i 


Ho Uitund inimniiu irteiv is capihlc ot delncnusr 81 c c of blood 
I" 1 mmuti dahlt \\ with both its ends and the si\th mtei costal art on open 
'' 11 tbi dist il i ml ot tlu mti i nal inanim ir\ irti r\ is tied and onh the sixth 
mtmostil is opt n is u is when it is pulled into the maocordium the pti- 
luston r it* is 4 > * i p, r nnnnii 


In tour doos stmlu.l tn. to s ( \,u moiuhs attci nnpl uitation md join to 
m\ no mbs itt*i lu. it ion ot tin nut nor disundiru: brunh tin flow i itc 
v »n.d ironi . . , to J1 , , whin tin pirtusion pressure was equal to the 
’ ' r " ! " 1 1,1 1 l ,nks,m "" 1 »•*»> 14 * • to '.1 , i when the peuiis„ m pressure 
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was lnghei than the blood piessuic The blood Aoyt through an implanted 
internal mammaiv aiteiY into the heait fue months aftei implantation is 
yy ell shown in Table VI The late of 21 ce pel minute Y\hen the blood and 
pel fusion piessmes aie ecpial is indeed a functional amount of blood to be 
deluded to a heait \ ia an implant By mu easing the pei fusion pressure in 
i elation to the blood piessuie, the amount of blood sent into the heart Yua the 
internal mammair aiteiY implant leached 51 e c pei minute 


Labie Y Blood Flow Six dies (Ixtersal Maumak Artery Implantation Followed by 
Ligation of Anterior Descending Branch Sin YYeeks Later) 
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Ojygcn Saturation Studies —Attei making the measmements just de- 
scnbed the animal was bled to death, the heait stopped, and a cannula Y\as 
tied in the eoionaiY sinus OxYgen satuiation measmements weie made of 
the blood pei fusing the internal mammal y aiteiY and lecoYeied fiom the 
eoionaiY sinus (Table VII) Table VII shows these figiues and also demon 
stiates how the o\Ygen satuiation diopped fiom 98 to 40 pei cent aftei 
tia y oising the Ycssels of the heait At this point the heait began to bent 
llnthmiealh again It would seem that blood which goes thiough an ini 
planted iiitemil mnmmaiY aiteiY cnteis the niYoeaidial aiteriolar SYStem y in 
mammal y toionaiY anastomoses and then enters the capillan oi niYOcnuhnl 
sinusoidal sYstem wlieie it Yields its oxy gen to the nnocaidial fibeis and is 
ietui ntd in p.nt y m the Yenous and eoionaiY sums sy steins In the experi¬ 
ment shown in Table VIII, sufficient oxy gen was supplied to the nuocaidium 
thiough a "> month old internal m unman aiteiY implant to in auested 
heait to m ike it beat again 

Tlu cli iracti i of the iiiammarY-eoionai-Y anastomosis file months aftei 
implantation and three and one-half months after ligation of the antcrioi 
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descending branch is shown m Fig 11 Through these branches fiom 21 to 
11 c c of blond per minute was delivered to the heart (Table YD) Suffieien 
oxvgcn was supplied to the myocardial fibers to start the heart beating again 

after its arrest 

T .., r VT blood Flow Tktough Implanted Internal Maaimaty Aftety Five Mo\ras 
\nrr Implantation vnd Four Months Aftef Ligation of Anteeiof Descending Branc 
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IU 1 \TION AND CIIVRVCTEF OF COFON VRV-M VMM VRV AN VSTOMOSI-. 

Jibuti and his assnerites" have eonfiimed the development of an anasto¬ 
mosis beta ten ,an impi mted internal mammaiv aiterv and the coronal \ 
lbivuur thev stated that the new vessels tend to disappear at the 
n\d oi unlit wtehs Tint fnrthei suirircsted that the new vessels viere small 
ind risemblrd cranul ltion tissue In our sines the iveratre interv d from 
imp! mt to samfin u is ehvui weeks (Table VIT11 One immnl was kept t<u 
"n\-< milt w.iks aftir implantation T1 k anlstomosts at the end of that time 
u* t onlv ptrsMid tmt wen Inci enough to piotnt airnnst death and m 
lan Dor tollowm^ | ttr ltmn oi the mtenor desoi ndum brain b 

Not onlv has ,i be< „ snumstid that a < mourn in immarv mastomosis 

I , , " ,h "W" - 1 ' tl " '"'1 «» imlit v uks but it 1 ms also been sumrested 
, " " ' n ' st '" n ' ,S|s • M’filarv in n iture v n ,J s0( tll , I|S uf , 

»• "■ —no, .pun, Pnpir, of tins, Mml sMionsW^n 
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nude to show elastic and muscle tissue The chaiacter of the new branches 
1 oi mod In the internal mamman aitei \ implant has thus been studied Thei 
Inne been found to be aitenal in natuie, containing both muscle and elastic 
tissue m then walls These new aitenal blanches hn\e been followed In 
serial section fai out into the myocaidium until tlie’i disappeai 2 



. / 


Fig II—TIWs Is a cast of the he trt of Dog 33T\ flow measurement studio* of which 
are shown In Tabic \I and o\j pen consumption studies In Table \ IT This animal hud an 
internal mnmmnn artcr> Implant five month* before the east and flow studies were made 
and had survived anterior descending branch ligation three and one half month* pr«vlou*!> 


*REQUF\C\ OF M VMM \K\-CORO\ \R\ \\ \STOMOSl*> 

AVe hn\c henid the odd whisper that “the internal ninmmau mten im¬ 
plant is excellent when it woiks hut that most of the implanted nitones me 
blocked ’ In oidei to satisfc omsehes ns well as otlieis we lia\e ieview(d 
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MxrrrKiOinc 4na*tomo r* 


\n*i5tomo i <miH <luv to 
tin* kt m 1 or partiall\ 
thromho-ed inttrnal m ira 
m in nrti'n 


NO O" ANIMUS 
1 
1 
1 


TFESENCE OF 
YN ASTOMOSIS 
AFTEF 1M 
PLANT 
(IVEEKSl 

5 

6 


VALUE OF ANASTOAtOSIS AFTET 
LIGATION OF ANTETIOr 
DESCENDING BRANCH OF THE 
LEFT COFONAPY AFTCFY 


Protection against death or 
infarction afforded in three 
animals onlv 


I/m rou optr .IiunfontoM'* 


ArnMomO'i' large 


Xo deaths or infarctions 
occurred 


Inti m il m iimn in iro n 
1 < it* nt 


In i oronara arterv sclerosis 
caused hr Cellophane lrnta 
tion marked improvement in 
evert i«e tolerance occurred 


Tim T\ FrrQirscA of Mamaiaia C«ro\ vi a Anastomosis Rtanpafd Ainebeeg Imtiant 
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om expenmental data concerning the frequency of mamman coionan 
anastomoses m a senes of sixty animals m which the standaid internal 
mamman aiten implant proceduie was perfouned (Table IS) 

Assuming that the piopei technique is employed, the frequence of 
coionaiY-mammaiv anastomosis appeals to be related to the heait’s demand 
foi fresh aitenal blood Thus, in thn tv-mne animals receiving an internal 
nummaiT aiteiv implant in noimal hearts, theie weie eighteen (46 pei cent) 
mamman -coronal v anastomoses, and onh 30 per cent of these piotected 
against death fiom antenoi descending blanch ligation (aceoidmg to our 
standouts) Twenty six (67 pei cent) of the implanted aitenes lemamed 
open mam weeks to months later When the lieai ts iveie made somewhat 
ischemic bv paitial ligation of the anterior descending bianch, the anastomotic 
nte was 54 pei cent and the survival late from antenoi descending bianch 
ligation i\as 72 pei cent Mjoeaickal ischemia produced bv wrapping Cello¬ 
phane mound the ongin of the antenoi descending branch simultaneously, oi 
followed hi internal mammaly aiteiy implant, lesulted m an 80 to 100 pei 
cent anastomotic late The aieiage anastomotic late in normal heaits was 
46 pei cent with 67 pei cent open lessels In ischemic heaits the anastomotic 
late aieiaged 71 pei cent, with 86 per cent open -vessels This could be ex¬ 
plained as follows 

The clnnce of an internal mammaiv aiterv implant blanching will de 
pcncl theoieticallv on its being placed m an area wheie the piessure is 
somewhat lowei than within itself The greatei the differential piessuie be 
tween the piessuie within the implant and the piessuie in the heart the 
greatei is the likelihood of the aiteiv blanching Thus when it is placed in 
noimal lieait muscle the piessuie diffeientials aie not as great as when it is 
placed in an ischemic lieait muscle with a low piessuie aiea On this basis, 
the higliei fi equenci of mammaiv-coionarv anastomoses in ischemic hearts 
can be explained It is likewise logical to deduct that patients suffering fiom 
coronan insufficiency should lime about the same anastomotic rate as that 
seen m ischemic animal heaits 

TREVTMEXT OF HUMAN CORONVRY 1RTERV INSUFFICIENCTi BV INTERN \L M VMM \R\ 

ARTERY IMPLANTATION 

On the basis of the foiegoing anatomical, functional and pathological 
t lets the internal mamman arterv implant pioeednre has been used in the 
ticatmcnt of human eases of coionarv aiterv lnsufficienei 

Selection of Paticnti —The selection of patients for a new' pioeednre is 
alwacs difficult We dislike classifications but m a general wa\ we liaie 
found it eomenient to divide our eases of coionarv arteiv insufficiency into 
four gioups 

Group 1 Mild or mtcnmtlcnl angina In this gioup aie those patients 
who ONperience an occasional attack of anginal pain on eNercise, or during 
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m ,motional disturbance Ther aie able to woik and are capable of living 
rc asonnbh noi mal In es For this type of patient opei ation is not advisable— 
it is bettei to stop phar mg golf 1 

Group 2 Progressive coionary artery insufficiency without disability 
Lndence of piogiessne coionaiv arterr insufficiency is an impoitant indica¬ 
tion for smgeir Patients m this group may still be working, but theie is 
endence of progieswon of then disease This may be shown m the electio- 
eaidiogram, oi In an increase in the frequencj of anginal attacks and, pei- 
haps, piogressne drspnea 

Group 3 Partially or totally disabled, but without angina at rest In this 
gioup arc hundreds of thousands of people, men and women, who aie unable 
to walk more than 50 to 100 feet, or to do 22 steps on the Mastei tno-step 
test without anginal pain Many suffer pam at rest, but in association with 
emotion straining at stool, oi a heavy meal Some hare night pam which 
lwnkens them Iloweiei when sitting qiuetlv m a chan, without stimuli, 
the\ ate fice of pam Such cases have been accepted foi surgerr , m fact, 
sin gen should be encomaged as it has been showm that less than 50 pei cent 
of such patients are alire at the end of fire rears Anothei coionarv aiteiv 
occlusion mar so lower then imocaidial lesene as to place them m the 
hopeless mopciable group of patients with status niiginosus 

Group } Status anqinosus In this group aie patients who e\penenee 
sngun at lest These patients chew mtroglrceiin tablets day and night 
One of our patients in this gioup consumed 180 mtroglvcenn tablets m two 
weeks This tvpe of patient should not be submitted to cardiac smgerr 
Time is insufficient caidiac muscle left to rerasculanze Generallr these 
painnts arc liimg on a pinpoint opening m the one arteiv which is still 
open 8ueh a small opening usualh cannot supply sufficient blood to the 
nnocnulium to keep the patient alire dining and after a niatoi thoiacie 
proocduie In addition such patients geneialh hare rerw little mrocardial 
musib loft to rc \ isculaiize 


Prcoperatu r Tm estigatwn —With each patient we hare attempted to cn- 
4 ln'lc nil other possible causes for his srmptoms This has been done in spite 
of I Well established ell ignosis of eoionnir aiteiv insufficiencr Thus a semeh 
is made fen mtctmtebril discs mfiadiaphiagm.itic and supradiaphiagmatic 
hsi.ms and m all eases a psrehiatue scicening is done A caicful e\amina- 
tion of serial eh ctroeai diogi ams must be made for endence of recent aetmtr 
as well is repeated sedimentation i ites In a few cases we hare postponed 
1 dion for fioin four to sin months on endence of aetmtr 
lantnmidu alums —(]) Ilndcnee of left rentrieular failuie The lnstoir 
h ft re ntne ul ir luluie during an ittaek of mroendial mfurtion with ic 
' "Y rv 1 “'“ti nndn ation Jloweror the presen. e of left rentriculu 

....<■ -.1,™,™, ,>> ; ctt 

« < ,l, 'bss It IS due to hr pc rtropbr associated with model ite Inner 
7"" 1 i \ 1 1MV - of < sse nti il hr pc rtensinn m Fndcnce of re 

" ' r,lnl inlnr< ,1 " n (l1 "O' 4 ' disease (5) M itus angina 
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PREOPER ATIYE, OPERATIVE, AND POSTOPERATIVE CARE 

Ilnaing detei mined tliat the patient has no contiamdications to suigeiA, 
quimdine snliate, 3 grains hi mouth, is gnen tniee on the pieopeiative dai and 
once on the da\ ot opeiation An enema is gnen eaih m the afternoon of the 
pieopeiatne dai as Me have found that many patients aie distuibed In it and 
lune then sleep mteimpted Sodium luminal is admunsteied, 3 grains, at 
10 p At, 11 p At, and again at 6 a ai Luminal sodium does not depress the 
blood pressuie as othei baibituiates do At 7 am on the dai of operation, 
moiplinie oi Demeiol and 1/100 giam of atiopine aie gnrnn It is Aeiv lm- 
poitant that anesthesia be admunsteied as soon as the patient arrnes m the 
opeiatnig loom These patients generally are appieliensne and may deielop 
a fiesh coionan occlusion iilnle anaitmg opeiation The suigeon must check 
to make ceitain that the patient is not suffenng substemal pam just befoie the 
anesthetic is staited We failed to take notice of tins Avaining signal in oui 
fiist sixth and eighteenth patients The fiist tivo patients died nothin sixty 
tno liouis aftei opeiation fiom fiesh eoionaiy occlusions, the tlind deieloped 
pulmonan edema aftei the chest nas opened and died eleien liouis latei 

Upon aimal in the opeiating loom, the patient is gnen ova gen to 
In eathe and at the same tune a 2 pei cent piocaine hydiochlonde dnp is 
staited Induction is aclneied noth cyclopropane and anesthesia maintained 
mth etliei and o\a gen Once the patient is asleep a cut-down is staited m 
the ankle this is essential in case of a drop m blood pi essure 

BLOOD PRESSURE AI ATXTENAXCE 

The maintenance of blood piessuie is, A\e feel extiemeh impoitant 
Yeo ''unephime chip is used A\hen necessaiy and the blood pressuie is main 
tamed at a constant lei el tluoughout the opeiation The desnecl blood pres 
sine lei el is decided upon befoie opeiation and is based on the aveiage blood 
piessuie leads lecoided foiu times daih dining the ten days pieeeding opeia 
tion We have attempted to maintain blood piessuie levels at not less than 
20 mm Hg beloii aieiage pieoperative lesels The coronary blood flov is 
dependent upon the diastolic blood piessuie Patients vitli eoionaiy aiten 
nisufficienei aie not like those patients AAitli othei tnies of healt disease in 
nhoni the coionan aitenal sastein is compaiatiAeh healthy Loiveiing of 
the diastolic piessuie deeieases the blood flon thiough the coionan a essels 
and lessens the amount of blood supplied to the mvocnidmm When tins 
ocuns m the piesence of nauoyed calcified eoionaiy aitenes A\e beheic 
that coronal a tlnombosis is faioied In addition the mvoeaidmm Ailncli is 
alreidA sufTeiing fiom ischemii reeenes insufficient blood for tbe maintenance 
of life, and the dcAelopmeut of left \entiioulai failuie and pulmonary edema 
aie therefoic faioied 

1 atlurf to aiaintatn blood PRESSURE 

The blood piessuie in some of oui cases has fallen with induction and 
m others aftei the patient is postmed on bis light side If the blood pi essure 
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, „,,,,„ ho H-Um.d to inopci lex* with a do* Xeo-Vneph.me top> of 3e« 
500 i < of > pel cent glucose and wtitft then the opeiatioh re not lieguu 
This has happened m (mo of on. patients ne.thei of whom Mas ope.ated upon 


OPER \TIVF TECHMOUE 

A paper describing om operative technique m gieatei detail than is 

possible in this article is non being piepaied 

The patient is placed m the light lateral position, and the fifth 01 sixth 
tilt is removed depending on the location of the apex Piocame. 6 cc of 1 
per cent m noinial saline is miected into the pericardium The internal 
mamman aiten is fieed fiom the fouith to the sixth mteicostal spaces m- 
<lusnch It is doublv ligated at its distal end and cut between ligatiues 
The mesial and diaphiagmatie fat pads aie cut aw av fioni the filnous pen- 
. minim and lift attached mesiallv and mfenoih lespectirelv The fibious 
pi ruardium is tailored oroi the ontno anteiioi smface of the heart and part 
«.t the mienoi smface The heart is inspected foi areas of mfaiction and 
fihtosis and the lett eoronarv anteuoi descending branch and ciicumflex 
at (cries .lie paipatid foi disease which can be felt r en readilr 

\ suture (d No 10 cotton is plaeed m the heart distal to the aiea selected 
i«o tunneling the imocnidnuu Pioximal to this sutme a small incision is 
m ide m the epical dium A tunnel of ^ to 1 inch is made In blunt dissection 
using 1 <m\cd mosquito aiten foi ceps The cotton attached to the tied end 
ol tin pioMinnl end of the sereied internal mamman niteir is picked up 
with the mosquito foueps and pulled tlnough the tunnel The sixth mtei- 
(otil uten ,itt k heel to the internal m.unman aiten is then cut and 
lllowtd to hind tie>eh The internal mamman at tear and bleeding sixth 
intei uistal 11 telies 11 e pulled into the mvocaidial tunnel The end of the 
mtiimil m unman uten is pulled out of the distal end of the tunnel wheie 
it is si aired In the fust sutme placed 111 the heart 


/'tnnmfutf Fat (>raff ns Supplement to Internet ? Mammary Artery Im- 
plant —During the past fne rears we base used raiious techniques of im¬ 
plant Hum hoping to increase the rate of mamman coionaiv anastomosis 
0,, < " f ,,US( repented In Ymcbcig and NTloff IhiOg' was the peneaidial 
lit wnp \t tint tunc we thought the internal mamman nrten tended to 
uumliu Uss when sun minded bv the pencardial fat Subsequent expen- 
ma.ts v,r< not eonliunnton Bigelow* remed this idea and pointed out 
" m “ ss, l t ' P ,os ‘ l '*«P Wood supph of the pencaidial tat giafts 
ln ’l W filled the internal nnmman artetv thiongh 
O UHMil pine mill tit pul hetme implantation In addition we hare 
M.l Ha pan >rd.sl fst puls as , supplement to the internal mamman aiten 
r.iiMutiming the rentnailar mroeaidmm 12) whenever nossible 

m .lunVu' 1 ' ’“r 1h,0l,£rh ,h ° mrSnl fat pad and 

- imsnl 1pul ,S then sutuiod direetlr t„ the exposed imo 

^ T * \ iti'minli Tti n 



2 G 


THE JOURN'AL OF THORACIC SUROERA 


cai dial muscle The infenoi cliapluagmatic fat pad is likewise sutured to a 
sinulai aiea on the postenoi smfaee of the heait u Inch has been denuded of 
its epical dram ° 



FI'” 1. — 1 Pericardium composed of fat Inxer on top of a fibrous la> cr which Is lined 
b> parietal endothelium Cplcardlum a thin laxer coxcring the surface of the heart which 
can be remoxeJ exposing heart muscles U fat lajcr separated from fibrous pericardial h>cr 
C remoxal of fb^ous pe** cardial la>er and cplcardlum D placement of \ascular fat blanket 
on denuded ten rice surface Center s owing relationship of fat blanket to Implanted 
Intemnl mnniman arterj 


POSTOPERVITVE CARE 

The tuo most impoitant features of postopeiatne caie me the main 
tenante of blood piessuie at a constant lei el, and the maintenance of fluid 
and eleetiolvte balance Xeo Svnephrme continuous dup is used at 20 to 30 
diops pei minute depending on the u eight of the patient, staiting \\ith 5 ce 
Veo-^mephi me in 500 e c of 5 pei cent glucose and i\ atei Sometimes this 
mu hate to be incieased as much as 25 c c pei 500 c c of 5 pci cent glucose 
and w atei 

Patients aie not mmed foi foitv-eight hours A nioiement of e\en 15 
degiees can cause i maiked drop m blood piessuie Aftei foiti eight horns 
patients can he mm ed fiom the back to the right side, neiei to the left side 
The amount of blood ptessure instability seems to depend on the extent of 

•For iktnlls of our flr« p-itlcn f.ec pn lln'nart ro|>ort of the nr«t Inman ciw operntel 
upon u^lng lx rlc irdinl fat pud*- ts a supph ment to intemnl mnniman nrt^rx Implant 
Cannd M \ J “0 ~r ;s 
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nnocardial damage present before operation, as indicated by the exeicise 
Iterance Patients with Ion exercise tolerance imaiiably need blood pres- 
suie support for two, and sometimes fri e and six days Otheis, noth exercise 
tolerance of 20 to 29 steps, seem to requne ierv little vasopiessor help 

Xco Svnephnne aerosol is used every two bonrs as soon as the patient 
auakens from the anesthetic Wangensteen suction is staited early as some 
patients deielop abdominal distention This is discontinued as soon as tkeie 
arc abdominal cramps and passage of gas Nasal oxi gen is used loutmely foi 
tnenti four hours and longer if necessary Quinidme sulfate is giien bv 
hypodermic, 3 grains twice daily Usualli, after the third day, Luminal 
sodium is substituted for Demerol No hot or cold fluids are gnen, and the 
bedpan is neier permitted Mineral oil is started on the thud day, as is 
Dicumarol Lsualh patients are permitted out of bed on the sixteenth to 
the tueuti fii*st dai, and can usualh lease foi home around the fomth post- 
nperntne week 


RESULTS 


This report deals with our experience with 29 patients who haie under¬ 
gone tin internal mammars arters implant opeiation This opeiation was 
completed m 28 patients These cases haie been divided mto two groups— 
the first group of 10 patients followed foi 1 to 4 seats, and the second gioup 
of 19 patients followed from 2 to 11 months 

lu the first group of 10 patients (Table X) all were disabled fiom 7 to 
1<> months the nierage pcnod of disahiliti being 21 months Half of these 
p.iticiits laid had anterior and posterior infarctions, and onh two patients 
showed no evwleme of infarction Exeicise toleiance ranged from 50 to 200 
fid In this group followed one to fom seais after opeiation (Table XI) 3 
p hunts died within 02 hours aftei operation, all 3 weie cases of status 
mgmi ''cm n sunned the operation Fne or 71 pei cent, ha\ e retuined to 
work ind are working from vS to lf> horns daih One is woiking 1G hours 
dul\ tnd has slight pam on lifting or last walking thiee ceais postopeiatneli 
One worked for two sears and then died pushing his ear out of the snow , 
death w is due to rupture of an old nnocardial sear Two still ha\e angina 
postopcrnlneh On. Ined three icars and died of aplastic anemia, the 
irten hnmg pulled out of the heart One is still nine and is showing im- 
l’ro\ i me lit it the end nt one* s e ir 


In the suond group of 19 rases (Table Nil) followed 1 to 10 months 
thm w«n onh patients m whom iheie was no apparent induction Two 
pstnnts hid ant, nor and posterior infarctions S,y Mere working at seden- 

tnun • ,Vm <,f m,r °" hccrm ^ tot alls disabled 

" ~ Tlun * mscs of angina status Of these 10 

V r\ «, m »»•> 'here »ns o„o dwth 

"' SHI s.jnh.m, »!„«. mtonnl „ n pl„„ t ,„d 

' ln<1 t,M Ml 91>hment«m procedure of peneardnl f lt pad graft 
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Table X First Ten Homan Cases of Coronary Artery Disease Followed One to Four 

Years 


1 

SEX 

AGE 

OCCUPATION 

TIME 

DISABLED 

(MONTHS) 

EXERCISE 

TOLERANCE 

EATING 

■ 


FATIGUE 

PREVIOUS 

IN FARC 
TION 





No Anginal Pain at Pest 






M 

54 

Oil field 
worker 

7 

150 ft 

Yes 

No 

Yes 

Yes 

None 


M 

49 

Executive 

24 

100 ft 

Yes 

No 

Yes 

No 

Anterior 


M 

55 

Mnehinist 
\\ elder 

24 

150 ft 

Yes 

No 

No 

No 

Large 

anterior 


M 

55 

Grocer 

10 

50 ft 

Yes 

No 

T es 

Yes 

None 


M 

57 

Electrician 

10 

50 ft 

Xo 

No 

No 

No 

Large 

anterior 


M 

52 

Fnrnier 

28 

200 ft 

Xo 

No 

Yes 

Marked 

Posterior 

[ 

M 

39 

Plnsicinn 

24 50 ft 

Status Angina 

Yes 

Yes 

Yes 

Marked 

Anterior 

posterior 


M 

53 

Tnilor 

30 

zero 

Yes 

Yes 

No 

No 

Anterior 

posterior 


M 

57 

Civil servant 

36 

100 ft 

Acs 

Yes 

Yes 

No 

Anterior 

posterior 


M 

40 

Stevedore 

12 

150 ft 

Yes 

Yes 

Yes 

No 

Anterior 

posterior 


Table XI First Ten Homan Cases of Coronary Artery Disease Folloyyed One to 

Four Tears 



TIME 

SINCE 




ABILITY TO WORK 

NAME 

OPERATION 

(MONTHS) 

OCCUPATION 1 

ANGINAL 

PAIN 

EXERCISE TOLERANCE 
BEFORE I AFTER 

BE 

FORE 

| AFTER 




A r o Anginal Pam at Pest 



D M 

41 

Oil field 

worker 

None 

150 ft Up to 10 miles 

No 

8 hr 

C A 

40 

Machinist 

Follow mg 
sciere oxer 
cisc onh 

150 ft H nnlo 

No 

10 hr 

\ M 

34 

Grocer 

“slight 

50 ft % mile 

No 

Works, and 
rides 

horseback 

G A. 

16 

Fnnncr 

None 

200 ft Ploughed 

1,600 ncres 

No 

\\ orkrag 

L G M 

14 

Pin sicinn 

Y es 

50 ft Was 1 mile 
Influenza 
and extra 
svstoles 
limited 

No 

No 


Angina Status 

Three pationts died in first G2 hours postoperatneh 
Died recently 

F S * 37 Executive Yes 100 ft 100 ft or Ie«s No No 

q E t 22 Llectrienn Oicvuonnl _ 50 ft H mile _ Xo s In' 

•L. S One failure In group Died of npln«tlc nnemln—nrter> block* .1 

te k, Y\ni returning from work pushed enr out of snow nnd died of rupture of old 
*=car lnter\entriculnr septum 
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INTERN M> M VMM ARY ARTERY IMPLANTATION 


Tv. else or 67 per cent are free of pam. with “creased exercise tolerance 
Three still has e pain but are improved One has severe pam with no improi e- 

ment One has not been followed Thus of the 29 patients there were 

Twcntr-three patients without angina at rest In this group there v, as 

one death or a mortalitv rate of 4 1 per cent 

Of the 6 patients with angina status 3 died m the earlv senes giving a 


30 per cent mortality 

The mortalitv rate for the entire group is 14 per cent 

There were 24 patients who surwsed 23 of whom had the implant opera¬ 
tion Fifteen or 60 per cent are now eompletelv free of pam Seventeen or 
73 per cent hate returned to work after opeiation Many are working 8 to 
16 hours dail\ at hard phasieal labor 


summary 

The clinical results of internal mammarv arterv implantation m the 
treatment of eoronari arterv insuffieienev are most encouraging 

About 70 pei cent of our patients are mnrkedlv improved and have re¬ 
turned to v.ork 

For cases without angina at rest the mortalitv rate is lou—13 per cent 
In the experimental animal the implanted internal mammary arterv has 
been shov n to send out large branches in the ventricular mvoeardium m 71 
per cent Those branches are large enough to earrv a supplv of fresh blood 
into the heart at a rate as high as al e c per mmnte 

The pericardial fat pads are used as grafts applied to the surface of the 
left a outride to supplement the internal mammarv arterv revascularization of 
the It ft ventricle 

The results on our human patients are beginning to parallel sen closelv 
tin im|ucnc\ of manunan coronarv anastomosis demonstrated m our animal 
< \penmcnts 
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Discussion 

DB AA B NEPTUNE, Boston Mn«s—In the Oy erliolt group ire hare been interested 
in the problem also and in the past hnye done seicral of these procedures on clinical cases 
Hoircyer, I should like to present some of my own obseryations 

(Slide) Of IS experimental procedures done on normal animals, 2 were found to be 
thrombosed, 5 showed no anastomosis, 5 supplied a small capillary bed, 0 went to the 
coronary system and, of these, 3 went to the nrtenes nnd three to the yeins If yye make 
a section through the transplanted artery, note the intense intimni proliferation with 
decreased cross diameter of the lumen This is nine months after surgery and I think 
Dr A’ineberg’s sections showed similar findings This 1ms been uniform in our experiments 
Our anatomic studies are based upon injections in lmng animals, using a 4 per cent 
gelatin solution, containing a colloidal suspension of carbon particles, 27 mu in dinmeter, 
yrhich lias been suitable for the demonstration of myocardial capillary bed This hns boon 
injected through the internal mnmmnry artery at constant body temperature and at the 
same pressure ns found in the arch of the aorta For the of this discussion nc will 

forget all cases except the most ideal and those arc the only ones I yvi'h to speak of 

Grossly yye lmye found that the carbon pnrtielcs are limited to the nnterior surface 
of the heart and around the myocnrdial tunnel itself If yye make a tangential section 
through tills nrea we note thnt the carbon pnrticks ngnin arc right around the myocardial 
tunnel in 7ono I nnd in 7one II (20 mm from the tunnel) we do not see much This is a 
low power field of the entire section of the heart shoiving the transplanted nrtcry If we 
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m ^o a high power section through Zone I, nght around the tunnel itself, we see an ex¬ 
cellent demonstration of the mvoeardial cnpillarv bed, excellent filling, no question about 
it In Zone II which w 20 mm awav, I do not think we can demonstrate anv evidence of 
mvoeardial capillarv filling If we make a cleared section of this same aTea after the 
‘■'pnlteholtz technique we cannot demonstrate anv evidence of vascular pattern. 

Tu-t to let vou Inow that we can demonstrate eapillarv filling if we make a cleared 
section of a normal heart injected through the eoronarv arterv this is the normal pattern 
which we can demonstrate These studies to us would suggest that revascularization bv 
means of a transplanted arterv in a mvocardial tnnnel, per se, offers little in the wav of 
flow or area supplied 


I)R A R HENDERSON' Asborv Park X J —Much impressed with the result' re 
ported hi Ors I ineherg Samuel Thompson Beck and others during the past few wears 
we haie repeated the various methods designed to increase collateral flow of blood to the 
heart in the experimental lnboratorv Although a considerable portion of the dog s heart 
could be i I'cuianzed bv am of the procedures advocated (eg , pericardial insufflation with 
tale internal mammarv arten implantation artenalization of the eoronarv sinus), we were 
\ ( r\ much disgusted with the unreliahihtv of nnv one procedure to function as a revascu 
larizntion phenomenon ^mce coTonarv arterv disease usuallv involves the entire eoronarv 
s\stem it cas felt that in the s Ur gicnl treatment of human cases no one procedure should 
be rilted upon which would most Ukelv vascularize onlv a portion of the failing eoronarv 
circulation 

For that reason m treating patients surgieallv we have subjected them to com 
1 matrons of revascularization procedures Thus m one operation, 20 patients have had 
internal ranmmnn implantations, pericardial poudrage and left upper dorsal svmpathec 
torm ‘svmj nthectomv (T,T,1 wa= performed not to relieie the patient of angina but 
because n< ban been verv much impressed with recent work on the role af svmpathetic 
s<crilon mcihanisnis (particularlv the over~ecretion of norepinephnnel m producing 
an omgen wastin^ tipe of imocnrdtal roetaholi'm Denervation in these eases, prob 
aid' re duces the oxigen requirements of the m'ocardium thus reducing demands upon the 
ro nnarr flow 


Of the 20 patnnt' thus far operated upon within the past fourteen months onlv one 
h is died There have hern no operative death' The one patient succumbed to a massive 
mo lu-ion tight dais postnperatnel' It is hardh fair to judge the result' of such com 
1 in< 1 tin rap' at this tim» but thu' far the clinical results are gratifving Dr I ineberg 
i c. rtamh to he congr itulnted for his persistent effort' and hi' contribution to the 
' iruc d n anagi i icnt of coronari arterv di'ea'c 


\\ 


DP \ D t l V EC \ Newark N T—\\e wen first introduced to this 'urgerv of 
rnrv nrtin di on-. m 1‘>I1 \t thnt time our mentors were Dr' Baile\ and Beck 


| J- rati 


y u 1 Wlt " procedure thnt the Bcch >o 2 which as -vou know is a shunt 

and w. hid son. 1 era interesting observations on that and on the other opera 
<1 all tips to date in 2h patient' the Beck No 2 the Beck N'o 1, the 
i mil nl'o th. \imb,.rg ninuallv thos. patient' wbo survived all 
\n I Is. ta itton on the Hah procedure I think, i' of importance to this 
rr I atients after two Mars developed severe edema and cardiac 
1 tint hi- -hunt va- now pojnn^ 30 per cent of the blood volume 
nt' his r.glt n , nrl< T li, e tenia was uneontTollable bv medical means, 
,r> ‘I r,u ' m ltl k P> t< ‘ »>f 'overe edema and tied off the eoronarv’ 

: f " ! ,! " 1 Ul< coro,mn '"»J* "'‘tern had thrombosed 

ac Du -hum emulation to pour into the nght auricle After 

This patient 
well nnd verv active in 
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after tlic eighth day the aorta blew out and at autopsy there was absolutely no evidence 
of healing The second patient died of cardiac arrest several hours after operation A 
massage procedure was undertaken for three hours, the patient had no evidence of neu 
rologic damage, the heart returned to function for no longer than 60 to 80 seconds at a time 
under massage and stimulation and, finally, after three hours we decided that the game 
was up 

We had two Vmeberg operations with no mortabty, three Thompson procedures with 
one death We use the Thompson operation on cases with status angina, and feel that 
the procedure can be done more swiftly without much stress on the patient and is well 
tolerated 

DR ALFRED GOLDMAN, Beverly Hills, Calif—About a rear and a half ago we 
de\eloped the concept that perhaps some beta radiation might affect the ischemic heart 
This concept was based upon the observations that radon ointments and ointments made 
with P 32 are capable of stimulating capillar} ingrowth in chronic ulcerations associated 
with arteriosclerosis The problem was to test this in dogs, and I would like to present some 
preliminary observations 

We used approximately S3 dogs The largest branch of the anterior descending artery 
was ligated and at the same time 3 me of colloidal radioactive chromic phosphate was in 
stilled into the pericardium After similar anterior coronnry bgation in the control an 
imals the same volume G c c of nonradioactive colloidal phosphate was instilled in the pen 
cardium and the pericardium was closed tightly The complete results of this procedure 
I cannot give at this time except to say that the dogs survived this procedure, grossly, 
scarred infarcts which were vascular at the time of sacnfice were observed We still have 
some 30 ammnls in this group to sacrifice, and this is a preliminary report 

(Slide) This is the section of the myocardium from a dog that was sacnficed nt 64 
davs, and you will see the large infarct with ingrowth of capillaries and small vessels 
This is the autoradiograph which shows the activity of the radioactive phosphate tending 
to localize on the epicardial surface and over the area of infarction 

(Slide) This is a microphotograph of the same animal showing vascularization in the 
infnrcted area 

I simpl\ present this as a different method, perhnps a different nppronch to the prob 
lem of re\ nsculnnzation of the ischemic heart 

DR IV \N D BARONOFSKT, Minneapolis, Minn —I should like to thank you for 
the pm liege of the floor Dr Yineberg is to be congratulated on his ideas and results 
Acsterdai we heard Dr Kev present a paper on the use of a jejunal transplant to the heart 
in order to revasculanze the heart Independently, mv resident, Dr Joseph Sprafka, and 
I, at the Ancker Hospital in St Paul, have been using a somewhat similar procedure Wo 
have used a defunctionated Roux en Y loop of jejunum or ileum and attached it to the 
heart We have also used a flap of stomach musculans 

(Slide) This shows the Roux en Y loop of intestine brought up to the diaphragm 
The serosa of the defunctionated loop is stripped off for a good distance This is very 
ensilv accomplished 

(Slide) Hero is the loop being attached to the heart The epicardium has been 
stripped off the heart using a icrv easi maneuver The gut must bo placed o\er the 
branches of the anterior descending coronan nrten 

(Slide) Here is an injected specimen showing the gut attached to the heart The 
mesenteric arterv has been injected and, as you see, the entire coronary sjstom has been 
iisuabzed b\ the injection of the mesenteric vessel 

(Slide) Hero is another injected specimen in which the anterior descending arterv 
has been cut off and a' vou can see, there is an excellent filling of the coronary sistcm bj 
the injection of the mesenteric nrten 

Me have done one human case reccnth, and it is much too earh to arrive at ani 
conclusion 
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DR SAMTEL A. THOMPSOX, Xew York. X Y—There are two general principles 
involved in mvocardial revascularization first the use of some form of extracardiac anas 
tomo‘i* and, 'econd, the stimulation and further development of the residual mvocardial 
circulation Dr 1 meberg has verv beautifullv demonstrated the use of an extracardiac 
anas , oic 0 'i= W e do not feel that the potentialities of the residual mvocardial circulation 
have leen suficientlv emphasized This residual mvocardial circulation comes partlv from 
the coroaarv svstem ana partlv from small vessels around the pulmonarv arterv, around 
the ontice- of the superior and inferior venae eavae and from the pericardium and the 
aorta at the ba'e of the heart 

Thi- residual circulation is able to furnish a tremendous collateral supplv under 
proper Simulation, and it mav be true that the greatest good effect of all the operative 
procedure* 5 corner from this source of supplv rather than from the extracardiac somce 
"For sixteen Tear- we have been u'ing a simple but verv effective method in the treatment 
of cororarv insufiiciencv which utilizes the stimulation of the residual mvocardial ctrcula 
tion plus the advantage of an extracardiac anastomosis and tissue graft We have done 
the operation in 134 case* 5 The operation is known ns cardiopexv sometimes called “The 
Talcum Powder Heart Operation ’ and occasionallv I have been asked ‘What fragrance 
do vou prefer V’ 

The operation i« done through a small anterior incision over the fifth cartilage the 
pericardial *ac is opened and all the pericardial fiuid i' removed The surface of the 
heart i« completel' covered with magnesium silicate powder some 2 to 6 teaspoons bv 
volume and 4 to 12 Gm bv weight We do not believe it is neees-arv to 'carifv or attempt 
to remove the epicardium as the 'ilvcate powder i« a verv strong irritant and produces a 
violent infiammatorv reaction This reaction is sustained in -ome form for the lifetime of 
that patient The reaction has a recognizable pattern of behavior and a predictable end 
result The simplicit' of the operation with the low mortalitv- has much to recommend it 
We believe the end re'ult' are comparable to anv method u'ed 

We have approximated 10 per cent of poor results Poor results mean anvthmg less 
than 30 per cent improvement The other °0 per cent of patient' are improved more than 
30 per cent tte have -i0 per cent who are more or les' normal Xormal means no medica 
tion nnd no rc«tnction in phv«ieal nctivitv 


Ph V G BIGLI 0\\ Toronto Ontario—Thank voj for the privilege of di'cu'sing 
1 'r \ ire't rg * paper \11 who have «tndied thi- problem are will aware of the difficulties 
of a-o-«ing benefit' from anv attempt to revasculanze the heart both in the experimental 
arinal nrd in human cim- However becau'e of Dr \ meberg s fine experimental results 
v e w.n t< mpted to mve-tigate the problem in our own laboratorv We have not senon'lv 
'tudird the a]; arent protection thi« operation afford' to coronarv ligation but rather 
have turtle 1 ear attention to a 'tudv of the fate of the implanted arterv We examined 
rath r f,i fullv three mti rnal mamiran tran'plant- in animal- nine months after their 
ir .r I n ail after anterior defending branch libation It w 3 ' the mje'tion re'ult' and 
tli 1 a 1 o1n_ir j ictun in which we were intere-ted 

got good mje.tion-turtle'in each. The dve entered the coronarv arterv 
cr 1 -r* tic veir in all three 

. t iT’’,' U \ 3 \ " C ,r, rr’ td ‘ n the ! ' n “ c, P ,t ' r,lirh T1r Ymeberg was 

1 we fat arterv i’Ja V' ° n ° C ° uW I 1 ”' an art ^ >" an organ and 

arterv l raneh out and r« va'c u larm, the organ Following Dr t meberg ' tech 

al brarche' w t re rut ami allowed to bl.ed vigorou-lv JU 't before the 
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A similar pathologic picture and a similar result from injection has been obtained 
in each animal Dr Ritchie has pointed out that the vulnerable area for the implanted 
area is where it enters the heart at the level of the epicardium In recent studies of coro 
nnr\ arterj disease, that has been proved to be the area where sclerotic changes are most 
likelx to occur The intramural section of the arterj is usually well protected and shows 
little change I am afraid that this area mav show progressive nnrrowing over a longer 
period and be exposed to the danger of thrombosis 

It is a verj interesting fundamental phenomenon the concept of putting a major nr 
teri in nn organ and having it supply the organ with branches of that size It warrants 
more studv 

DR CHARLES B RIPSTEIN, Brookljn, N Y—I think Dr Ymeberg is to be com 
mended on his excellent experimental work, but I would like to interject a word of caution 
on the wide application of anv of these procedures to human material In 104S, I published 
a review of all the surgical procedures then being used for coronorv nrterx disease and 
came to the rather reluctant conclusion that none of them realh offered anv lasting bene 
fit I am presentlv completing another such review and am again, reluctantlv, of course, 
coming to the same conclusion 

DR ARTHI R M A INEBERG (Closing)—The results reported bx Dr Neptune on 
a small senes of nnimals subjected to internal mammary nrterx implant are not surprising 
Tliex are exacth the same txpe of results that nix resident or research Felloxx- obtains 
in the first few months when working with us For example, this venr Dr Y llliam Buller, 
xxlio stnrted to do internal mamnian arterv implants in Julx, found that SO per cent of 
his nrtene< were blocked in the first two months of his expenence After he had learned 
to implant the arterv according to a technique which has been labonouslv worked out oxer 
a number of xears in this center, SG per cent of lus arteries remained open 

For those who find internal mammarx- arterv blocks in a high percentage of expen 
mental animals, I would suggest that tliev xisit our laboratorv, where our experimental 
Fellow will be pleased to show them the various technical points we have lenrned Dr 
\\ lllinni Bigelow did this two rears ago, and has conxeved to me the fact that practicnllx 
all his implanted mammarx arteries in animals remained open Dr Bigelow had added 
one othor feature to the technique—nnmelx that of wrapping the internal mammnrv nrterx 
in the medial pericardial fat pad This appears to prexent the arterv from nngulnting 
and from adhering bx scar to the neighbonng structures 

The injection technique used br Dr Neptune is most difficult to exnluate as the in 
jcction mass was introduced into the internal mammarx nrterx while the heart was beat 
nig It is well known that in order to demonstrate anastomotic channels in the xentncles 
of either human or animal hearts, it is necessnrx to placo the hearts on ice for at least 
twentx four hours in order to get rid of the spastic elements that occur immediatelv after 
death Manx others have confirmed the frequency of internal runmmnrx nrterx anastomosis, 
and linxe found that the fact' ns gixen bx us are approximntelx the tme situation 

Ye linxe found tlint the frequencx with which the mternnl mnmmnrv nrterx joins 
up with tin arterioles in the left xentricle is dependent upon the condition of the lienrt 
at tin time the nrterx is implanted lor example, when placed in normal hearts one cannot 
expect more thnn approximntelx 40 per cent anastomoses Y hen placed in nn ischemic 
hi nrt the nnnstomosis rnte is increased to nround 7G per cent The internal mnmmnrx 
nrterx xvill stnx open xvithout necessnnlx gixmg out large branches, in more thnn SG per 
cent of all implants when the proper technique is followed 

In those animals m which coronnrv arterv lnsufhciencx had been produced bx 
wrapping Cellophane nround tin anterior descending branch of the left coronnr\ the 
implanted internal inninmarx arteries remained open in exirx instance 

There is no question that there will be some lntimnl proliferation howexer this usu 
nllx occurs distal to the open siitli intercostal nrterx The portion distal to the sixth 
intircostnl i« not in use and therefore tends to block off bx intimal proliferation just ns 
the ductus arteriosus or other xesseK in the human bodx do ivhen their presence is no 
longer required 
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RATH E lepan ot atnal septal defects is now feasible, largeh because 
VJ «.t tin cftoits of Cohn' Snail 2 Munae, 3 Bailee and associates, 4 Leins 
i„,l Tallin,- Gioss and to noikers G and otters It is important, boiiever, to 
(I mf\ tlie indications for operation, to select the best methods of lepan, and 
obpctneh to assess the icsults The necessity foi exact diagnosis has le- 
sulttd in a clenur concept of the hemodynamic aspect of the condition, but 
(irt mi problems rofiunc fuithei elucidation Oui e\penence to date with 
tin initomu, pilesiologic, and suigical aspects of mteiatnal communications 
is puscntcd 


ANATOMIC \ AR1ANTS IN ATRIAL SEPTAL DEFECT 


Problems of surjrual repair demand an exact knowledge of the anatomic 
\aii mts ot mteialiial eonnnunications A classification of these communica¬ 
tions is pi i si litcd in Table 1 


T\nir I CiAssirn \tios or IsTErerrue Commosicatioss 


I Normal interatrial communication a nli ulnr competent patent foramen o\nle 
II Minnniinl interatrial communications 

\ \ ahulnr incompetent patent foramen o\ ale 
1 With oomph t< posterior septal rim 

J With ih int po it nor nm amt “secondare ” anomalous pulmonare eenous 
inunertion of rieht luuj. 

With a- miitdl ion„enital anomalous pulmonnn \enous connections 
I! Ih Dels nf tin lower portion of the atrial septum n= part of persistent com 
mon atriou ntruulnr < mini 
* 1 oinmiinientions of unusu il location or nature 


1 <t/i iihir ( inapt (tid I’nUni hiranun Oinlr—An interatrial communica¬ 
tion is pnsun m alioiit 21 pen cent of normal people, the so called talvular- 
' "*itpt l* nt p iti nt loi mini mnli This bis betn teinied the ‘ probe-patent” 
lor nm n ovnk inipUnur sm dl sin but m adults the tract mat measure 1 cm 
or inoK m dmiKUr In noun il pei-sons the pi assure m the left atrium csceeds 
'-'ill..!! 1 n ~’ u 1,nu,n htiite the tabular flap is kept dosed Under these 
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circumstances, left-to-right shunts cannot occui In congenital or acquired 
conditions wherein the right atrial pressure exceeds that m the left atrium, 
nglit-to-left shunts develop acioss these normal mteiatnal communications 
Yalvulai -Incompetent Patent Foramen Ovale —A lalvular-meompetent 
patent foiamen ovale is present in some persons This is an abnormal inter- 



Fig 1—Normal heart viewed from front allowing proxlmltj of orifices of right pul- 
monnrj \eins (black probes) to the atrial septum Orifices of left pulmonary \elns are far 
remo\cd from the septum. This anatomic arrangement permits preferential shunting of blood 
from right lung across atrial septal defects Orifice of inferior \ena ca\a (I VC ) lies close 
to fo«sa o\alis CS = Coronao sinus 


atrial communication that usually is ciescentic in shape and related to an in¬ 
adequate length of the flap of the ongmal septum pnmum Hovever, such 
defects do vary m size and exact location Occasionally, instead of being a 
clean hole, such a defect may ha\e lacy strands of tissue tra\ersmg it The 
orifices of the right pulmonary aeins in the postenor vail of the left atrium 
are near the atrial septum and thus are in close proximity to an atnal septal 
defect (Fig 1) The orifices of the left pulmonary aeins are considerably 
lcmoied from the septum, since they connect to the left lateral vail of the 
at i mm 
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Many atnal septal defects of this type, although large, possess a com¬ 
plete rim of septal remnant Some, located near the infeiior or supenoi vena 
earn, are not bounded by septal remnant at the orifice in question A special 
pioblem is posed In large atnal septal defects of this type m which no nm 
of septal lcmnant exists postenorly The onfices of the right pulmonary 
\ems, Minch normally lie near the septum in the postenoi wall of the left 
atrium, in these cases lie to the nght of the plane of the septum 4 This situa¬ 
tion mai be described as an anomalous connection of the veins of the right 
lung to the right atrium The anatomic malformation could be termed atnal 
septal defect, and “secondare ” anomalous pulmonan \enous connection 

A true congenital anomalous pulmonary lenous connection of the nght 
or the left lung may be associated uith this type of atrial septal defect In 
contrast to the afore-mentioned “secondary” anomalous connection, con¬ 
genital anomalous pulmonan cenous connections are found at sites predicta¬ 
ble on an embrcologic basis An important canant of this type is congenital 
inomalous connection of the right pulmonan seins to the superior cena caia 
and cephalic portion of the right atrium 

Defects of the Loner Portion of the Atrial Septum — Interatnal communi¬ 
cations mn\ lie just abo\c the rings of the initial and tricuspid yahes In 
Midi cases the rings and the \ulvulai leaflets themselves may be cleft and 
the defect mas extend doun to imohe the upper poition of the lentncu- 
lar septum, tins condition is called “persistent common atiioientiicular 
canal ” 

Communications of Inusual Location or Nature —Kaie communications 
such as In u n of a coroinn sinus uith a connection to the left atrium, Mill 
not be f onsidei ed 

FHXSIOLOGIC CTl.DIES 


I'ortunitch these anatomic sanations cause specific physiologic findings 
tint freeiuenth penmt their preopeiatne identification Study by caidiac 
enthctcii7iti(>n in all patients dnncalh diagnosed as basing atnal septal 
defect nnd being consideicd for operation is necessan for precise diagnosis 
and for localization of the defect 


Determination of mtrncnrdinc pressuic and oxigen saturation and calcn- 
Intione of sistenuc and pulmonan blood flou in this study Mere made In 
methods preMoitsh described fiom this laboraton ‘ * Dilution curies of 
I DJM is ere recorded in the arterial scstem In means of cmette and ear 
osmuters itter nnection of the d\e into chambers of the heart and great ees 
sek during eardne catheterization The contours of such dilution curies are 
iruh determined b\ the characteristics of flou through the heart and lungs 
amt arc distorted in a specific manner In flou through abnormal saseuHrcom- 
inuuieMinus 11 «* In general dilution mines recorded from patients Mho liaie 
- * -'ts char i< Prized In left to right shunts base louer peaks of amplitude 

! r m T m “' por "" is th ' acei,„„, E 
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Physiologic data fiorn 53 patients vho had atrial septal defects and vho 
ueie studied m the caidiac catheterization laboiatory at the Mayo C lini c have 
been summaiized by Weidman and associates 13 (Fig 2), these data aie in essen 
tial agreement with the findings of most other woikeis They indicate that 
systemic flow is typically noimal m this condition in the absence of caidiac 
failuie, but that pulmonary blood flow is characteristically increased In 
most instances, the pulmonaiy aitenal piessme is a little above the normal 
range 



Fig 2—Relation of pulmonary arterial sy stolic pressure to pulnionnrj arterial blood 
flow in 63 patients who bad atrial septal defects 13 The a\crape \nlue for 23 normal persons 
is represented b> the solid square the lines extending: from this square show the ranges of 
normal A moderate Increase In pulmonnn s> stolic pressure that maj not be correlated 
ufth Increasing flow is usual in patients who ha\e atrial septal defects Note that pulmonarj 
how Is actual^ reduced in patients who ha\e pronounced increase of pulmonary arterial Pres 
*ure an exception being Case 11 studied nfter these data were compiled 


In uncomplicated atnal septal defect, the flov acioss the defect is pre 
dominantlv from left to light and is often of gieat magnitude Bv means of 
the indicator-dilution technique it has been possible to demonstrate prefer¬ 
ential flow of blood through the defect from the right lung in cases of defects 
of the tvpe charnctciized bv a valvular-incompetent patent foinmen ovnle 
without eithei secondni\ ” oi congenital anomalous pulmonnn aenous con 
nection 14 Thus, in the usual case of atnal septa] defect, most of the blood 
streaming into the left atrium from the left pulmonary teins goes through the 
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icioss the left atrium to pass through the mitral calve (Fig 3, a ) The dis¬ 
position of the ceins m the postenoi Mali of the left atimm, pieYiously men 
tioned offeis ieady explanation for this finding 

In cases of atrial septal defect unth absence of the posterior nm asso 
dated 'With “secondaiy” anomalous pulmonaiy venous connection of the 
light lung, indicatoi-dilution cunes recorded aftei infection of dve into the 
light pulmonaiv aiteiy indicate that an extiemely small amount of blood from 
the right lung goes to the left atrium and that almost all of it tiaceises the 
light atimm to pass thiough the tzieuspid lalve and recirculate tlnough the 
lungs (Fig 3, h) In instances of associated congenital anomalous pulmonary 
cenous connection, the dilution cuives leeoided after injection of dye into 
light oi left pulmonan artenes indicate that piactieally all the blood from 
the anomaloush connected lung passes into the light atnum and thence again 
to the pulmonary circulation (Fig 4 , a) 

Although the oier-all shunt in most cases of atrial septal defect is fiom 
left to right, there is frequently a small ught-to-left shunt of blood entering 
the heart fiom the inferior lena eara, 15 -which lies close to the defect This 
has been demonstiated by injection of T-1S24 into the inferior cena cava In 
ceitam cases, a small ught-to-left shunt also oceuis from the supenor vena 
eaca (Fig 4, h) which lies lelativelv far fiom the defect 

A separate categoiv consists of cases in which theie is predominantly 
nght-to left flow acioss an intei ati ini communication with consequent cyano 
sis This gioup usualh includes atrial septal defect with seveie pulmonary 
In pertension atrial septal defect with pulmonary stenosis, and atrial septal 
defect wnth Ebstein’s malfoimation of the tricuspid valve 

SELECTION OF PVTIENTS FOR OPERATION 

Ceitam bioad indications foi opeiation in patients who ha\c atnal septal 
defect aic lccognized m spite of the small numbers of patients who have been 
studied and operated on Conclusions m this regard must be considered ten- 
tatnc and mdubitabh wall require levision in the light of further experience 
Patients who hacc a left-to light shunt in excess of 50 pei cent of the 
pulmonary blood flow aie consideied as possible candidates foi opeiation 
Suigical internention appears paiticulaih indicated when symptoms aie pies- 
ent oi w lieu the shunt is even more excessn e 

'When the pulmonaiv aiterial piessme is consideiablv mcieased, until 
scstolie iallies gieatei than SO mm ITg laige left-to light shunts are usually 
absent indeed m such instances eithei a mixed oi a completely nght-to left 
shunt mav be piesent In a case recenth studied (Case 11 of this leport) a 
laige left-to-nght shunt oceuired in the picsence of sec ere pulmonary hvper 
tension Om expeiience in this case and the findings of Gross and 'Watkins 10 
suggest rather stiongh that attempted closure of an atrial septal defect In 
the it rial-well technique m the presence of pronounced pulmonarc hvperten 
sion is accompanied by great risk to the patient 

As alieadi indicated atrial septal defects occur m association with pul 
moinri stenosis in some patients Usualh the flow across these defects is 
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from right to left, but sea eral cases of bidirectional 01 pure left-to-nght shunts 
ha\e been demonstrated 1 ' In the latter situation, consideration should he 
gn cn to closure of the defect at the time of pulmonary valvotomy if the shunt 
is large 

Few data are aaailable on which to decide as to the advisability of closure 
of interatrial communications in which the shunt is from right to left, with 
consequent cianosis In certain carefully selected cases, it may be beneficial 
to close such defects 
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OPERATIVE TECHNIQUES 

Appt oach —After the introduction of the atrial veil bv Gross and asso 
ciates, 6 ne abandoned an eailier experimental technique devised bv one of us 
(Kirklin) and Donald and Gundlav 18 The well yyas used extensively m the 
laboiatoiy and then m the suigical treatment of twelve patients yyho had 
atrial septal defects This technique has proved to be a satisfactory method 
of approach foi repair of these lesions Since yy e have not utilized the other 
methods of appioach that have been employed m humans,* 4 5 19 y\e aie not 
m a position to eompaie them vitli the technique employing the atrial veil 

The thorax is opened through the right fifth interspace, aftei a long lat¬ 
eral incision is made The atrial well is sutuied m place with continuous silk 
sutuies, aftei an interiupted suture is placed at either angle Self-retaining 
letiactois have not been placed inside the veil Two cubic centimeters of a 
0 04 per cent solution of hepami is dupped into the veil each minute The 
clotting time of yenous blood is moie than one hour in most cases immediatelv 
after lemoial of the veil, so 25 to 50 mg of piotamme is gnen slowly into a 
vein at that time The veil vas toleiated by the heart without difficulty (ex¬ 
cept in one case to vhieh lefeienee is made later) , aecuinte voik may be done 
m the right atnum thiough it 

Method of Closuie —In view of the lesults of an imestigation of this prob 
lcm in om laboratory 18 20 and the work of Balmson and Baker, 21 we have used 
thm pieces of polvvim 1 sponge (lvalon) foi closuie of these defects The sponge 
is sufficiently pliable to follow the contours of the septal defect after being prop¬ 
el 1\ sutured into place Connective tissue from the septum invades the sponge 
to hold it fiimly in place and the suifaces aie lapidlv endothehalized 10 

It is important that a large number of sutuies, placed close together, be 
employed to attach the sponge to the icmnant of the atnal septum (Fig 5, a 
and b) In regions yvhere the septal rim is absent, such as occasionally occuis 
postenoih or neai the cayal orifices, the sutures must be bi ought through the 
heart to the outside, as emphasized bv Gioss and co-workers, 6 to be tied over 
small squaies of sponge Otheiv lse, thei e may not be a firm attachment of the 
sponge m such legions 

Special problems aie encounteied occasionally m placement of the sponge 
plug 4ccunte pieopeiatnc studies aie of gieat yalue in alerting the surgeon 
to these pnoi to opeiation A persistent common atnoyentriculai canal yvas 
u paired in one case by anchoimg a sponge plug in the defect by a number of 
sutuies in the 11 m of atiial septum tvo sutuies verc placed along the top of 
the yentneulai septum and one vas put in the bnse of the septal leaflet of the 
tncuspid yahe (Fig 6) 

In cases of laige atrial septal defects vith absence of the postenoi rim 
and yvith secondai v anomalous pulmonaiv yenous connection of the right lung 
in vhieh this technique is used the pohy-iml sponge must be sutuied into 
place so that its postenoi aspect lies to the light of the yenous orifices 6 An¬ 
teriorly-, the sponge is made to enrye to the left m such a manner that the 
cayal orifices enter the atrium to the nght of the sponge The sutures must 
be tied outside the heart in the absence of septal remnants, as mentioned pre- 
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viouslv (Fig 7 a and b) In one instance (Case 10) of atnal septal defect 
with congenital anomalons pulmonarv i enous connection of the entire right lung 
into the lower superior vena cava and high light atrium, a repair was made bv 
utilization of this same pimevple 



Fip 5—Large atrial septal defect (\alvular-incompetent patent foramen male) n Xote 
complete rim of septal remnant, b Closure of defect In plug of poljnlnvl sponge sutured 
Into place b\ Interrupted silk sutures 
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RESULTS 

A single death occurred m oui previously mentioned gioup of twelve pa 
tients The lemaimng eleven patients weie alive and m good cluneal condi¬ 
tion when this article was wntten The lesults are summanzed in Table II 


Table II Data on 12 Patients Surgically Treated for Atrial Septal Defects 


DEFECT 

CASE 
(NO IF* 
SFRIES) 

AGE 
(\R ) 
AVI) 

SEA. 

PEE OP 

SHUNT 
(PER 
CEVT* ) 

POST< 

INTERVAL 

I OSTOP 

3PERATIYE STUDIES t 

FINDINGS 

RESULTS 

Valvular competent 

2 

30 

R L 

1 wk 

Residual 3 per cent 

Excellent 

patent foramen 


M 

23 


R L shunt 


ovnle with Ebstein’s 







nmlformntion of 







tricuspid valve 







\ alvular incompetent 

3 

27 

I R 

7 mo 

Residual 33 per cent 

Improved 

pntent fonimen 


F 

78 


L R shunt also 


ovnle without nnom 





shown in dve dilu 


nlous pulmonary 





tion curve 


venous connection 

8 

30 

L R 

2 mo 

Verv small residual 

Excellent 



F 

70 


L R shunt, dve dilu 







tion curve com 







pntible w ith same 



9 

39 

I R 

Not vet 





F 

71 

studied 




12 

29 

L R 

Not vet 





F 

75 

studied 




11 ! 

48 

L R 



Operative 



F 

80 



death 


5$ 

23 

L R 

Not vet 





F 

88 

studied 




71| 

20 

R L 10, 

Not vet 





F 

LB 

studied 






moder 







ate 




V ulvular incompetent 

1 

43 

L-R 

14 mo 

Residual GO per cent Unsatis 

putt lit foranu n 


F 

80 


L-R shunt (also 

factors 

ovale with “sec 





shown in dve dilu 


ondar\ 9 anomalous 





tion rum ) 


pulmonary venous 

4 

22 

L R 

5 mo 

No residual shunt, 

Excellent 

t omiection 


M 

80 


dve dilution curve 







normal 


Vtrml septal defect 

10 

23 

I R 

0 mo 

No residual shunt, 

Excellent 

with congenital 


"U 

07 


dve dilution curve 


anomalous pulmon 





normnl 


ar\ \enous eonnec 







tion of right lung to 







superior %cna cava 







and high right 







atrium 







rsi^tent common 

G 

2 S 

L-R 

G mo 

No residual shunt, Excellent 

atrioventricular 


F 

GS 


djo dilution cune 


canal 





normal 



• r L. shunts = per cent of *\ atomic flow L. R shunts = per cent of pulmonarj flow 
tCnses 2 and 10 studied b\ dj e dilution cur\c* onlj Casts 13 4 and 8 studied b\ 

dje dilution cur\ts and cardiac catheterization 
tPulmonarv h\pertcnslon also present 
|Mitral stenosis also present 

] Congenital pulmonic stenosis and Lr-R shunt across atrial septal defect also present 


The death (Case 11) occuned 111 a patient who had a large atrial septal 
defect and severe pulmonarj hypertension, with a pulmonaiv arterial svstolic 
pressure of 120 mm ITg and an elevated right ati ml pressure Although it w as 
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difficult to make the decision to operate, the fact that there was persistence of 
a large left-to-nght shunt and that the patient’s clinical status was serious 
made an attempt at surgical correction advisable After application of the 
well and while the sutuies were being inserted into the septal remnant, car¬ 
diac failure ensued and the patient died ^ 

In Case 2 a valvular-competent patent foramen ovale and Ebstein s mal 
formation of the tricuspid valve allowed a nght-to-left shunt at the atna 
level, with consequent cyanosis The foramen ovale was closed by approxi¬ 
mating the i alvular flap with a single suture Because of the nght-to-lett 
shunt in this patient before opeiation, the oxygen saturation of the systemic 
artenal blood was 86 per cent at lest, it decreased to 60 pel cent on exeicise 



Fig 7—Large atrial septal aefect (\alvUar-lncorapetent patent foramen o\ale) -uith 
absent posterior rim and secondary anomalous pulmonary \enous connection of right Jung 
a Note that the orifices of these \ei ns are in a plane to the right of the orifices of the \enae 
CR\ae b Repair by a sponge pine so fashioned that it dherts the ca\al flcm into the right 
atrium and flcm from the right pulmonar\ \ein into the left atrium 


After operation the systemic arterial oxvgen saturation uas 97 pel cent at 
rest and 92 per cent on exercise A dye-dilntion curve indicated that a small 
(3 per cent) right-to-left shunt still persisted after operation Symptomatic 
nnproi ement has been pronounced. 


In Cases 3, 5, 7, 8, 9, and 12, laige (approximately 4 by 6 cm ) atrial sep¬ 
tal defects classed as i alvular-meompetent patent foramen ovale without 
anomalous venous connection were closed with pings of polyvinyl sponge In 
Case 3, a good closure u as considered to have been obtained at operation At 
cardiac catheterization seven months later, a significant left-to-nght shunt 
was still present, however, the magnitude of this shunt had been reduced 
from 78 to 33 per cent of pulmonary flow (Table HI) Obviously, the sutures 
m this ease must have trnen uav at seieral points to allow separation of the 
sponge from a portion of the septal ran One patient (Case 8) was studied 
tuo months after operation by the dye-ddution technique with injection into 
the superior aena cava and by cardiac catheterization. Closure was nearlv 
complete, but „ uerr smell left-to-nght shunt persnted As 
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observations, exen gieatei caie has been taken in the othei cases to anchor 
a large number of sutures seem eh in the septal remnant Thus, in the re 
mauling four cases of this gioup, secure elosrne was thought to have been ob 
tamed, but postopeiatne studies have not been made as vet In one of these 
foui eases, mitral x alvotomy xvas done thiough the defect because of associated 
initial stenosis In anothei, pulmonic xahotomy uas done dunng the same 
opeiation because of congenital x alvulai pulmonic stenosis with intact xen- 
tiiculai septum 


Tabie III Cvrdiac Catheterization Dxta Before and After Surgicu, Repair of 

Atriai Sfptai Deffct 




; CASE 3 

| (ASE 4 


LOCATION 

IREOPFRA 

THE 

POSTOPFR 

ATIVE* 

PREOPERA 

TIYE 

i ostoi y \ 

ATrVEt 

Pressure (nuu Hg) 

Right ntrium 

15/G 

12/5 

7/0 

8/1 

Pulmonary arterx 

32/1S 

26/10 

28/14 

20/14 

Blood flow { 

Systemic 

3 0 

4 2 

3 1 

3 0 


Pulmonary 

13 8 

6 3 

14 2 

3 0 

Loft to right shunt, 
per cent of pul 
monarx flow 


78 

33 

79 

0 


•Secen months after operation 
tFI\e months after operation 

tl Iters per minute per square meter of bod} surface 


In Case 6, unex entful com aleseenee oceui 1 ed aftei w hat n as mtei preted 
as complete closme of a peisistent common atnox entnculai canal and of its 
associated septal defects Postopeiatn e studies xxere noimal 

In Case 1, it was known at opeiation that incomplete collection of the 
defect had been obtained, this was confhmed by caidiac cnthetenzation foui 
teen months aftei operation In Case 4, a similar laige atnal defect wuth 
alisencc of the posteuot inn associated with a “secondary ” anomalous pul 
momi\ ienous connection, was consideied to have been completeh lepaned 
at opeiation This was xenfied by caidiac cnthetenzation fire months latei 
(Table ITT) 

In Case 10, the contour of the postoperatix e die dilution euive was en- 
tneh noi m il and no shunts weie found 6 months postopei atn eh 

SUI1UR1 VNl) CONCLUSIONS 

Suigical lepnn of nbnoimal mtei atnal communications demands exact 
knowledge of the anatomic iniiants of such anomalies Precise study bj r 
caidiac cnthetenzation and selectne dxe-mjeetion techniques often allows ac- 
euiate diagnosis and localization of these caidiac defects 

A studs is piesented of twche patients who had smgical treatment of 
mtei atrial communications Othei cardiac anomalies w'ere associated in some 
instances The opeiitne technique imohed use of an atnal well and plug 
<nng of the defect with polvxmxl sponge Onh one death occmred in this 
series and that took place dunng opeiation on a patient who had seveie pul- 
mon us In peitension 

Tentatne critena are given for the selection of patients for surgical col¬ 
lection of interatrial septal defects 
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UJDENDLJI 

vi, line non operated on 24 patients with atrial septal defeet with pndonmmntb lrft 
to right shunt" Tho l onl> death in thife group is the one alreadj re ported in this pap 
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tlio remnants of the septum Next, a line of continuous suture is inserted following the 
first suture that was placed to anchor the nuncle to the septum Here the defect is com 
pletely closed The auncle hns been sutured to the remnants of the septum and the open 
ing through which the finger is inserted is now closed This creates a patch which closes 
the defect This is the first case treated in this manner The shunt was entirely closed, 
preoperatix elv it was 13 2 liters, postoperativelv it was zero 

In cases where there are anomalous pulmonarx x ems the defect may be closed in a 
similar fashion This particular idea was first suggested bj Dr Neptune At that time 
he was interested in closing an atrial septal defect, but I expect now he will be spending 
some time with Dr Vineberg 

In cases where the defect is very large, a passageway is created between the superior 
and the inferior vena cava to allow blood to get to the tncuspid valve 

The mortality in cases of ostium secundum has been 9 per cent In ostium pnmum 
tho mortality hns been much higher, but xxe are lowering this mortabty considerably in our 
continuing work 

We hax e found this technique applicable in all cases and x ery satisfactory 

DR ROBERT E GROSS, Boston, Mass—I think that Dr Kirklin and his associates 
ha\ e done a fine job in the studj and care of their patients 

To date wo have operated upon 30 cases of interatrial septal defects, with direct 
suture closure or by the onlay of a polyethxlene sheet Our approach nt present is to ex 
plore the right auncle with the left index finger, if there is a postenor defect which is not 
too high or too low, one can place a straight row of stitches, which bnngs in the back wall 
of the nuncle to the antenor edge of the septum, and get a closure effectix elv and quickly 
If we happen to find an orifice which is not xery large, and not too high or too low, we 
uso tho Bnilej technique We ha\e had some good results with it If we find a hole 
which is very high against tho onfice of the superior vena cava, or low down near the 
tricuspid valve, we prefer to ln\ on a polvethyleno sheet to cover the defect To date, 
one half of our cases liaxe been treated bv the “well” approach, nnd tho remaining one 
half bx the other forms of closure just indicated 

We liaxe abandoned tho use of Pronestjl both before nnd dunng operation We gnxo 
up No\ ocain in tho pencardium long ago, because of the depressing effects on the general 
cnrdinc mechanism Thero is, liowexer, a place for Novocain In some cases the nuncle 
is quite lrntnble, nnd working on it mnv produce manv extra systoles or n run of tnchx 
cnrdia, we have found that by swabbing 2 per cent Noxocam on that part of tho aunculnr 
xx nil on which we will be working (without allowing the fluid to run down onto tho re 
mnindcr of the heart and thereby depressing it), one can get rid of most of these disturbing 
irregularities We have verx little confidence in digitalis, but we insist upon quimdine 
Wo feel this drug helps manx of these hcnrts to get through this surgerx with a minimum 
of disturbance If, dunng operation, x\e find that a heart is flagging or weakening, nc use 
rather libernlh 5 or 6 c c of 10 per cent calcium chlonde directlx into the heart, and 20 
to 30 c c of 30 per cent glucose We hnxe no proof thnt these help, but we have a strong 
feeling thnt tliex hnxe prex ented manv cntastrophcs 

Wlulo some of tho older patients hnxe recox ercd promptlx from this type of surgery, 
four or fixe patients in the Inte thirties or forties, in spite of the fnct thnt tliex hnxe had 
an excellent closure of the defect, have required long periods of rehabilitation to get bnck 
into acceptable cnrdinc statu* These heart* arc “tired,” and it takes a good deal of 
treatment to get them into *ati«factorx condition again In contrast, children or xoung 
adults who hnxe closure of septal defects exhibit a prompt nnd sntisfnctorv rccoxery 
These points lead u* to beliexe that all joung patient* who hnxe lnrge shunts (despite the 
fnct thnt thex max hnxe no exmiptoms at the time) should be operated upon If the right 
xeutrieulnr output i* txxice or more than thnt of the left xentricle xve think operation 
should be undertaken 

DR T\MFS L SOL THW ORTH Knoxville, Tenn—Dr Kirklin hns xerx properlx 
emphasized the hcmodxnnmic side of the problem, xxhere more work xvill need to be done 



INTERATRIAL COMMUNICATION'S 51 


KIR KLIN ET AL. CONSIDERATIONS IN REPAIR OF 

On the other hand, there has been much technical searching, I think, for a method of 
operation to close atnal defects After hearing Professor Crafoord last fall mv associate, 
Dr Dabbs, and I became interested in trnng his method to close atnal defects, and ire 
tned it m ammals The essential featnre, as von know, is to dissect a groove between the 
two atna and sew this to the mtraventncular septum 

(Film) This shows the beginning of a dissection between the nght and left atna 
The pulmonarv rein is at the bottom of the picture and the tissue is held there br a forceps 
It was snrpnsmg to me how easv it is in animals to dissect the two atna It is possible 
to clear the snpenor vena cava very far behind and to see the aorta there The finger is 
now within the atnrnn and the suture will be passed into the mtraventncular septum 
under finger guidance There the needle came out a little too high, was withdrawn, and 
came out m the proper place where the groove was dissected. The animal was sacrificed 
and left in the same position, the needle was passed again into the intrai entncular septum 
None of the eight dogs we operated on had difficulties during the operation, all sur 
vived except the one we sacnficed Thus we were encouraged to trv this operation on a 3- 
vear old woman who had a verv large defect of the septum pnmum tvpe, about 8 cm m 
diameter, we had no difficultv in closing this defect, and the patient has made an unevent 
ful recoverv 


DR RALPH A. DETERLIXG, New York N Y—I think the work presented here 
both bv the essavist and the discussants is excellent I want to bring up two points from 
our experience "We have been faced with operating on desperatelv ill children In this 
group we have encountered either large septum pnmum defects m which there is just a 
little ndge between the two valves as shown m Dr Kirklin's last case, or else an atnoven 
tnculans communis where a good sized defect is also present between the valves and in 
the upper portion of the ventncular septum Although we have had poor results in these 
cases, tbev do need surgerv I think it is important to emphasize that some of the pa 
tients who most need surgerv still pose a great technical problem 

I mention one case because of the difficulties we encountered. There was thought to 
be a mitral insufficienev in addition to a large atnal septal defect The pressure in the 
nght auncle was 44 mm Hg VTe could not use a rubber well, since the blood would come 
up oi er the top Ye invagmated the atnal wall bv the Bailev technique, and each suture 
hole spurted blood vigorously requiring a total of about 3,000 c c. of blood during the 
operation in this 0 vear old girl 


DR FRANE L GERBODE, San Francisco, Calif—I would like to compliment Dr 
Kirklin on the excellence of his presentation and on the manner m which he closed these 
defects so successfulh After expenmenting with the well technique m the laboratorv 
for a time, mv associates and I thought there must be a simpler wav of closing the smaller 
defects Therefore, about two vears ago, we began explonng the possibility of utilizing 
the plane between the nght putmonarv veins and nght atnum as a means of obtaining 
postenor atnal mall for closure, believing it would be better to close the defect postenorlv 
than to oppose the antenor wall as suggested bv Bailev IVe found, as Dr Crafoord did 
that one could pass sutures beneath the snpenor cava and beside the aorta, and thus close 
the defect postenorlv However, there are some disadvantages m this method of placing 
t e sutures I would like to present another method for suturing which might be called 
the “hook” technique 

<***> °V le lrJoldmg ' techniques involve pushing down the lateral or antenor 

vnb S r a PP en| lage to fill the defect I have found that if a sharp hook 

,, , ^ " haft ' S passed through the lateral atnal wall and guided to the marine of 

tho defect with the left index finger placed m the auncular apnSTJe oi P 

the medial margin and pull it m apposition to the lateral margin an/la’tcrnl ItnaTwT 
\n assistant can then hold the hook, with the margins thus heffi together! V * 
is passed through them from the outnde The first suture ui ? ’ hl!le a snture 
m0 't pan of ‘ho defect, and the closure made from below upward ? ** ^ ^ 
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(Slide) This shows the use of the hook as an aid in the closure of a larger defect, 
where the lateral atrial wall is used as a circular patch Again, the closure should start 
at the inferior margin, graduallv approximating the edges in a circular manner 

This is n verv simple method and should be useful for all defects saxe the Terr large 
ones When combined with dissection of the posterior atrial plane a minimum of distortion 
results It should be remembered, however, that great variations exist in atnal septal 
defects, and when the pulmonary x enous return is abnormally placed, the dissection max 
not be possible 

I)R MILLIAAI H 31 IDLER, JR, Los Angeles, Calif—I would like to compliment 
Dr Ktrklin on the xerx line work he has presented here, and I would like to mention 
bneflj our own experiences in dealing with this problem We have used primarily the 
procedure dex eloped bv Dr Gross, because it gixes one an opportunitv to explore the in 
tenor of the auncle leisureh Furthermore, one is not faced with the problem of air emboli 
We have been able to approximate the edges of the defect bx direct suture in all instances 
except one, which was m a patient mth a septum pnmum, here we emploved a nxlon 
plastic patch, but about three weeks later we had to remoxe it because she dex eloped 
sex ere cardiac failure 

We haxe operated on 17 patients and hax e had 2 deaths—one a 4 j ear old patient 
who had been in sex ere failure and one a 30 xear old patient mth sex ere pulmonarv hyper 
tension We think the most cntical point m the operatixe procedure is when one opens 
the lrcll We routinelv use an indwelling cannula in the brachial arterx to measure con 
tmuous direct jircssures, often the pressure will drop to almost zero shortlv after the 
clamps are removed from the auncle Following the rapid introduction of blood through 
the cannula the pressure usunllx becomos elexated and the heart action becomes stable 

(‘slide) This slide shows some of the phj siologic studies which we make on these pa 
tients dunng operation, before and after the defect is closed There has been a drop in 
pressure in the right auncle and a rise in pressure in the left auncle, as one would expect 
There is also a diminished pressure in the pulmonarx arterx- and a nse in pressure in the 
aorta The oxx gen saturation does not drop quite ns much as one would expect in the 
right auncle, but these patients are receixmg high concentrations of oxvgen 

DR F TOHN LEWIS, Minneapolis, Jfinn —I should like to call attention to another 
xnnntion in the nnatomx of this complicated defect that we haxe encountered in closing 
them under direct xision with the aid of hx-pothermia 

(Slide) I think this xnnntion is about as common as anomalous pulmonary xenous 
drninnge hour of the last «exen patients we haxe operated on haxe had it It concerns 
the position of the x alvc of the mfenor vena caxn, xxhich is normallv located to the nght 
of the xenn caxn In this xarintion of the defect there is no lower nm, instead the xalxe 
of the infenor xenn cava forms a false lower nm If repaired improperlv, blood from the 
infcnor xenn cnx a xvould enter the left atnum after closure 

(Slide) \fter the first stitch is placed and tied doxxn, the rest of the repair is easilx 
accomplished xvitli a running stitch In these cases, ns xvell ns in those with anomalous 
pulmonarx xenous drainage, xxc haxe found that simplx stitching the edges together has 
been satisfnctorx, though in mnnv ca«es it is xerx important to place the stitches in the 
right position to form new margins Grafts haxe not been necessnrx, perhaps because xxlien 
the heart is emptv nnd collapsed the edges fall together satisfactonlj 

Our experience xvitli infants and xoung children has been the poorest we haxe had 
We haxe operated on 1C patients whom we thought preoperatnelv had atnal septal defect- 
Three infants xxere found to hnxe anomalies tlint we considered to be inoperable at the 
time Txxo had complete A 1 canals and one had a xentncular septal defect None of 
the 3 surxixed Of the 13 remaining, one patient did not haxe his operation completed, 
although he recox ered Another patient had a septum pnmum defect and died three davs 
postoperative!! of complete heart block Of the remaining 11 pntients one died because 
of a technical error, lenxing 10 «ucce«sfull' treated case- \mong the 12 patient- xxho 
actuallx proved to haxe atnal septal defects, 4 had the tx-pe of nnomalv just mentioned, 
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4 had anomalous pnlmonarv venous drainage and one had a septum pnmum defect There 
were 2 with complicating mitral stenosis Aetuallv onlv 3 had what one would consider 
to be a simple hole between the two atna 

DR EARL H. WOOD (Closing) First I must admit I am a phvsiologist and not a 
thoracic or cardiac snrgeon so it is obviouslv impossible for me to comment on the surgical 
considerations in this discussion 

I would like to emphasize that atnal septal defect is often a complicated condition 
In the last seven vears we have studied approximated 130 cases in which communications 
between the right and left atnum were demonstrated bv the presence of abnormal shunts 
in one or the other direction These cases were studied bv what might be called special 
techniques namelv, rapid sampling via the catheter with the cuvette oximeter which 
allows identification locabzation and accurate measurement of the magnitude of the left 
to tight shunt', and bv ^elective arterial dilution curves which allow identification, localiza 
tion and accurate measurement of right to left shunts Recentlv because of our interest 
in the surgical correction of this condition Dr W H. Weidman and Dr H J C Swan 
verv carefuUv analvzed catheterization records in our laboratorv from more than 100 
cases, their results emphasize that this is not a simple condition Of these cases onlv 60 
were found in which the atnal septal defect was the onlv anatomic anomalv So, cer 
tainlv we agree with the other commentators in the conclusion that this is often not a 
simple defect 

Even when present as a single defect the problems of correction differ from manv 
other cardiac conditions amenable to surgerv, such ns patent ductus arteriosus and mitral 
'teno'is where the variation is onlv one of degree In atnal septal defect not onlv is 
there a variation m the size and tvpe of hole but also in the position of the defect in the 
'eptum and the relation of the septum to the pulmonarv \eins 

With special techniques, especiallv arterial dilution curves, I lia\e been surprised 
and gratified at our success in being able to predict for Dr Kirhlin the approximate size of 
the hole and its position in the septum and relation to the pulmonarv veins As vou mav 
know most patients with atnal septal defect show a small nght to left shunt If this is 
lerv predominant from the infenor vena cava and absent from the supenor vena cava it 
is good evidence that the defect is low in the atnal septum m the fossa ovalis region 
where infenor vena cava blood impinges when emptvmg into the nght atnum. Studies 
of the left to nght shunt, particular!- the degree of preferential flow from the nght lung, 
allow prediction of the presence of an anomalous venous connection or of absence of the 
po'tenor nm of the septum. In the majontv of cases we have been able to predict quite 
accurate!" for Dr Kirhlin what he mav expect to find at operation 
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T HE procedme of choice in the surgical management of aneurysms is ex¬ 
cision with iestoration of normal blood flow m the parent vessel The 
application of this ideal to aneurysms of the thoracic aorta has heretofore 
been largely restricted to saceiform aneurysms susceptible of local excision 
and lateral aoitorihaphv 14 The fiequent extension of this principle to the 
management of aneurisms leqnmng temporary occlusion of the thoiacic aorta 
to permit safe local excision or resection and giaftmg has awaited the develop¬ 
ment of an adequate means of diverting the blood fiov during the period of 
aortic obstruction The purpose of this leport is the presentation of two 
cases of aneurysm of the thoracic aorta treated by surgical excision and graft¬ 
ing, m which the aortic blood flow was diverted through a shunt of large 
caliber for periods of six horns and forty-five minutes, and three hours and 
twenty minutes, respectively 


CASE REPORTS 

Case 1 —Fusiform and Saccular Syphilitio Aneurysm of Entire Thoracic Aorta — M J, 
a 53 year old white man, entered the Albany Hospital on Oct 22, 1953, because of extreme 
dyspnea For a number of years the patient had noted a dry cough and exertional dyspnea 
During the six month period prior to admission cough and dvspnea had increased Hoarse 
ness and moderate dysphagia ensued, and a 20 pound weight loss occurred An abrupt and 
marked increase in his symptoms occurred two weeks prior to ndmission, forcing him to 
stop work as a railroad handy man His cough became productive of purulent sputum 
which was increasingly difficult to raise, and cyanosis dov eloped AYIien admitted to the 
Albany Hospital, he had required oxygen therapy continuously for thirty six hours The 
patient denied chest or back pain No historv of primary syphilis could be obtained 

Physical examination rev ealed an acutely ill, apprehensive, white man in severe 
respiraton distress mildly cv anotic despite nasal oxygen, and unable to raise the audible 
secretions in his tracheobronchial tree because of respiratory obstruction The temperature 
was 100° F, pulse 100, respirations 30, and blood pressure 120/70 in each arm The right 
lung field wns resonant with bronchovesicular breath sounds and a prolongation of the 
expiratory phnse of respiration The entire left hemithornx was hvperresonant with 
markedh diminished breath sounds and sibilant rhonchi throughout The heart was not 
enlarged its rhythm wns regular, nnd no murmurs were heard The remainder of the ex 
animation wns normal 

Serologic tests for syphilis were positive The white blood cell count nns 21,800 with 
9G per cent neutrophil forms The electrocardiogram revealed a right \entncular hyper 

From the Deonrtment ot Surpery Albany Medical Collepe Albam X Y and Naval 
Medical Research Institute, National Naval Medical Center Bethesda Md 

The opinions nnd conclusions expressed In this paper are those of the authors and nre 
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trophy pattern. Other laboraton tests, including unnahsis, bleeding, clotting and pro 
thrombin tunes, nonprotein nitrogen, fasting blood sugar, serum proteins and albumin 
globulin ratio, and a serum electrolyte pattern were all within the normal range 

Roentgenographic and fluoroscopic examinations (Fig 1) Tevealed a large fusiform 
aneurysm of the aortic arch and descending thoracic aorta with erosion of the third through 
seienth dorsal vertebral bodies There was displacement and compression of the distal 



Fig 1—Case 1 Syphilitic aneurjsm of entire aortic arch In a 53-} ear-old man A 
Roentgenogram of chest showing a large fusiform aneurvsm of the arch and descending 
?orta with obstructive emphjsema of the left upper lobe and atelectasis of the left low'er 
lobe The heart Is not enlarged B Oblique projection revealing anterior displacement of the 
trachea with compression of the left main bronchus Vertebral erosion was better seen in 
the right anterior oblique projection 
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extension of the incision into the nght ZlTo "thelph^ 

the ascending aorta and involve e e “ 1T obstructed by the aneurysm through com 

(ne 3, i) '™ a r- «»*«»>« * «» «rr« 

"r» p .” **p«»»» f ,ta ,bmi ,o 

dorsal vertebrae 



Fig 3 C (For legend see opposite page ) 


The proximal aorta, great vessels, and distal descending aorta were freed by dissection 
to permit attachment of a previously prepared three limbed shunt to by pass the area to be 
resected (Fig 3, B ) The shunt consisted of 1 cm bore Tvgon tubing with siliconed glass 
joints fastened to the ascending and descending aorta by means of heterologous recon 
stituted freeze dried arterial sleeves The latter were anastomosed to the host vessel end 
to side by emploving a Beck Pott’s exclusion clamp The innominate artery was can 
nulnted with the third limb of the shunt, thereby permitting circulation to the head as well 
as to the trunk during the period of aortic occlusion The shunt was then filled with 
saline solution through the air vent at the top to prevent air embolism and placed m 
operation The ascending and descending aorta, left subclavian and common carotid 
arteries were then occluded, and with the shunt operating, the dissection of the aneurysm 
itself commenced 

In the course of dissection of the Tegion of the aortic window, an opening was made 
in the attenuated wall of the left pulmonary arterv This necessitated sacrifice of the left 
lung, which was alrendi useless because of erosive destruction of the left main bronchus 
Except for a proximal and distal cuff, the entire thoracic aorta was then removed The 
defect was bridged b\ two reconstituted heterologous (calf) freeze dried aortas® e spliced 
together The innominate and left common carotid arteries were anastomosed to the arch 
thus created end to side The left subclai mn arterv was intentionallv sacrificed The new 
arch was then distended with saline solution to remoie all air and the clamps removed 
from the distal aorta, proximal aorta, and left common carotid arterv, m the order men 
tioned Distended with blood, the graft was obviousli too long and had a tendency to 
hmk This wn« corrected bv making a sleei e resection of 5 cm at the lei el of the previous 
-plice (lip 3, C) nnd again cmplonng the shunt during a fortv minute penod of occlusion 
The reconstructed arch now had an excellent curiature and all suture lines had ceased to 
ooro The shunt was therefore remoied and the two aortic openings isolated bv the ex 
elusion clamp and sutured The innominate arterv was repaired by temporary occlusion 
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employing two Potts' ductus forceps During the period of innominate occclusion, circula 
tion to the brain depended upon the left common carotid arterv The chest was then closed 
with drainage of both pleural cavities connected to a series of water seal and valve bottles 
that permitted regulation of the intrapleural pressure at mean minus 10 cm. of water 
pressure 

The operating time was fifteen hours A blood loss of 5 liters occurred, but was 
replaced as lost The shunt was in operation and the aortic arch excluded for six hours 
and forty five minutes Because the right brachial arterv thrombosed after the preoperatne 
nortogram, no record of the patient’s blood pressure was available after the left sub 
clavian arterv was sacrificed during the operative procedure The right axillary and 
temporal pulses, however, remained full with a regular rhythm throughout the operation 
The pulse rate ranged between SO and 120 per minute Frequent electrocardiographic trac 
mgs revealed no signs of heart strain or coronarv insufficiencv at any time during the 
operation At the conclusion of the operation, there were good bilateral carotid and 
femoral pulses 



Up I—Case 1 Autopsj specimen of heart and entire thoracic and abdominal aorta, 
with longitudinal Incision of aorta and left \entricie Arrow markers from heart peripheral!} 
Indicate aortic \al\e suture closure of proximal shunt limb proximal anastomosis between 
oscendlnp aorta and graft, innominate and left carotid anastomoses to graft graft to draft 
anastomosis graft nnd distal thoracic aortic anastomosis and the closed Incision of the 
distal shunt sleet e aperture 

Following extubntion, the patient responded nnd opened his eves when addressed 
His color was good He began to thrash around with his left arm and leg, but the right 
arm and leg were limp Right intercostal, diaphragmatic nnd abdominal muscular func 
tiou were intact While the pntient was being moird from the operating table, Ins condi 
tion suddenh changed Immediate reopening of the left chest disclosed that the left 
pulmonari arten ligature had cut through the xessel nnd a massn e exsanguinating hem 
orrhage had occurred The patient did not respond to n-uscitatne measures Post mortem 
examination rexenled all suture lines associated with the graft to be intact (Fig i) 
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Comment —Aoitic aieb resection and grafting is a feasible piocednre 
The shunt emploved worked veil The chief objection to the method is the 
time required to carrv out the elaboiate procedure We feel that by improve 
planning the operating tune mar be i educed one-thnd In the case presented 
seven major vascular anastomoses and three vasculai sutiue lmes to lepair 
the defects left iollovmg lemoval of the shunt v eie leqmred. 

Except for problems ansmg fiom mechanical lespnatorv obstruction, the 
patient operated upon was in excellent general phvsieal condition Significant 
aortic nisuffieiencv or coronary arterv disease were fortunately absent in this 


patient 

Heterologous fieeze-dned grafts nere used because human material was 
not available, and probablv x\ ould not have been of sufficient size for anastomo¬ 
sis to the dilated proximal and distal aoitie cuffs 

Whether the paitial right hemiplegia would haie been permanent m this 
patient remains m doubt It must be assumed to have resulted from ischemia 
caused bv prolonged interruption of the left carotid and vertebral arteries 
Although interruption of these vessels on one side probablv is usuallv well 
tolerated the occurrence of partial hemiplegia m Kirbv and Johnson s ease 14 
of innominate aneurvsm following cross-clamping of this vessel for fiftv-seven 
minutes suggests that the maneuver is not umformlv safe We advocate, 
therefore m the future the addition of a fourth limb to the shunt for left com¬ 
mon carotid eannnlation This would add but a few minutes to the length of 
the operation 


Case 2 — Cla^tcal Traumata Aneurysm of the Dtsicndina Aorta is—T a 25 rear old 

Xegro man, sustained a comminuted simple fracture of his right femur simple fractures 
of the right second and third metacarpal hones skull fracture and a mild concussion, 
together with contusions and abrasions of the chest and nbdomihal wall in an antomobile 
accident in September 1°4S file vear- before admission The patient was the driver of 
the automobile and undouhtedlv was decelerated bv the steering wheel when the vehicle 
trai eling So m p h left the road and struck a tree 

An open reduction of the comminuted fracture of the right femur led to a succession 
of orthopedic mi-fortunes which kept the patient in bed or immobilized bx plaster spica 
until September, lfi53 when the final cast was removed A routine pbotoroentgen film 
at this time revealed a mediastinal mas- projecting to the left 

The hi stop, disclosed that in high school the patient had been told he had a heart 
murmnr and advised to stop plavmg basketball Chest films taken during high school were 
not explained lo the patient F oon after the automobile accident the patient experienced 
'hort attack- of lancinating pain aero— his anterior chest These were followed bv the 
abrupt on-et of severe dvspnen which could be rebel ed bv flexing the trunk A'o x rav 
examinations were made during that period 


I xnmination following the photoroentgen di-coverv of the lesion revealed a huskv 
V ln hcaUh but Wlth 11 distinct bmp from shortening of the nght leg The 

■InM i re s Uri was 1™/M» in noth arms \ Grade " svstobt precord.al murmur wifh max 
i al iDten itv oxer the pulmonic area but transmitted to the neck, left parascapular region 
dipiga-tnum was heard. Then, wa- no diastobc component ° ’ 

Ito* ntgenographic and fluoroscopic examination reiealed a thin calcified h„i„ 
circling an area of nonpubatile dens.p measuring 7 bt 5 cm inseparable f ^ r 

J ort.on of the d^crading aorta (F,g 5 A and b \ In the left antenn l, ** Kt 

tie din-m appeared to project postenorh anl to deviate the esonhacm T ° bhqne positlon 
.'.i nj.l v retrograde aonogram prosed that the lesion was a tVn waStneup-^ 
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nnsing from the first portion of the descending aorta (Fig o, C) The contrast material 
remained in the aneurism for seeernl seconds following complete clearance of the die from 
the aorta itself Js'o patent ductus was shown m the stude 

Bronchoscope re\ ealed indentation of the membranous wall of the left mam bronchus 
and coneersion of its lumen into a crescent shape of approximate!!" 70 per cent normal 
caliber The electrocardiogram eens normal Serologic tests for sephihs were negatie e 



C 

Hr o—Caii> Posttrnunuitlc aneurism of the descending aorta In a Jo \ tar old man 

1 Roentgenogram of client relents a 7 be 5 cm denpltj in the left hilum rimmeil be n thin 
laser of calcium B On lateral e lew the lesion is seen at the origin of the descending aorta. 
C A retrograde aortogram n Itli dec filling the aortic arch and the nnruresm Dee remained 
In the aneuosni for see era! seconds after the aoi ta Itself eeas clear of dee 

Operation eeas performed Dec 3 l r, 33 under general endotracheal anesthesia Tho 
rncotome eras done through the bed of the resected fourth rib with posterior fracturo of 
the third fifth, and sixth ribs to obtain ndequntt exposure The nmure«m nro«o ju«t beloer 
the left subclne inn nrtere and encircled three quarters of the circumference of the aortn, 
to evlueh it was inseparable fused The dome of the aneurism eeas ee erne here calcified 
and eere thin ernlled There eeere no pleural adhesions hut n dense subpleural periaortitis 
evith fusion of the aneurism to the adjacent pulmonnre nrtere, bronchus, and esophagus 
rendered the dissection someeehat tedious A pntent ductus of smnll cnliber eras ligated 
and the ided 
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It became ewdent that the aneurxsm could not be tangentallj excised, and that it 
would be necessary to obstruct the flow m the aorta to permit endo aneurvsmorrhaphr or 
resection and grafting Accordingly a left suliclatian descending aorta shunt, with an 
inside diameter of 10 mm abruptli tapered to 6 mm to tit the subclavian artery, was 
introduced m the manner depicted m Fig 6 A With the shunt m operation, the aorta was 
obstructed aboie and below the aneurism and the aneurism opened It measured 7 bi 5 
bi 4 cm and an opening from the aorta measured 2 5 to 3 cm 

The technique of endo aneun smorrhapln as employed by Bahnsona was not feasible 
Accordingly the area was re«ected and the defect bridged bi nn S cm length of homologous 
freere dried aorta* obtained from a 19 \ ear old white man, a yictim of an automobile 
accident, shortly after death Ang 8, 1953 The period of aortic occlusion was thiee hours 
and twenti minutes The effect of the shunt on blood pressure proximal and distal to the 
area of aortic obstruction was recorded by a Hathauay Electronic Eecordert and 13 shown 
transcribed in Fig 6, B The operating time was eleven hours Measured blood loss was 
3,450 c c with a replacement of 4 liters 

There was no postoperative endenee of spinal cord damage The earli postoperative 
period was marred bi the deielopment of oliguna and hypotension related to dehydration 
and low salt syndrome which responded promptly to adequate parenteral therapy Because 
of recurrent atelectasis of the left lung, on the third postoperatise da\ a temporar. 
tracheotomi was instituted The patient’s subsequent comalescence was uneventful, and 
he was discharged from the hospital on the twenti seventh postoperative day A film of 
the chert and right brachial and right femoral pulse pressure cun es taken fii e months 
postoperatn eh are shown in Fig 7, A and B 

Comment —Although this patient i\as ftee of symptoms tefetable to his 
aneuivsm, it is known that these lesions cam- a pool piognosis 1 '’ It is con- 
jectmed that the long penod of immobilization imposed bv his oithopechc 
pi oblems mav hat e plav ed a 1 ole m his pi eopei atn e sm v iv al We mav specu¬ 
late as to whethei the small patent ductus played a significant hemodynamic 
tole m relation to lateial intia aoitie piessuies affecting the anemysm 

The pieopeiative aoitogiam gave a tiue pictuie of the lelativeh small size 
of the opening in the aoita compaied to the aneuivsm itself This mfoima- 
tion, howevei, was misleading m the final analysis, because the aneuivsm was 
not susceptablc of tangentnl excision oi endo-aneuivsnionhaphy Without 
the availalnhtv of a shunt and suitable giaft, an attempted excision of this 
lesion doubtless would have led to uoss clamping of the aorta and to the 
attendant nsk of permanent neuiologic damage 




Although in the piocess of leseetion of aortic aneurysms the descending 
aoita has been obstiucted for peuods up to forty-seven minutes without the 
pio< net ion of heait failme oi of neuiologic damage, expenmental aud dim- 
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PROXIMAL TO ^ ^ BP 104/80 

ANEURTSM ' yx/ ^ / ^MEAN 04 

AORTA PATENT 


PROXIMAL TO SHUNT' 
AORTA OCCLUDED 


AM. 


.BP 180/86 

MEAN IZH 


DISTAL TO SHUNT' BP 8G/&4 

AORTA OCCLUDED —— —’MEAN 8Z 


DISTAL TO GRAFT' ^o'XAv^V.BPIZA/lOO 
AORTA PATENT MEAN 108 


D 

Up C—Cu*e 2 1 Dlaprani of operation domonstrntlnp position of aneurism The sac 

has been Jnci*td and the openlnp between the aorta and aneurjam depleted Aorta occluded 
above and b low the lesion with external shunt in place Mso represented Is the method of 
securlnp the pins* joint of the shunt to a sleeve of heterologous freeze-dried vessel (calf) 
sutured to the norta The Inside diameter of the shunt was 10 mm except for the pol> 
thene subclavian cannula which tapered to a minimum of f mm at Its flanped end Overall 
length of the shunt was 55 cm Tt Tracings of records obtained at operation with a 25 paupc 
needle and recorded bv a Hntbawnv oscillopmph W 1th shunt in operation and the aorta 
clamped pressure* proximal to the shunt increased Dlstallv the pulse pressure was vlrtuallj 
absent but an mlequnte m nn pressure was maintained \t romptrtlon of the operation with 
th* praft In place and the aorta open normnl pressures were replstered distal to the prafU 
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The risk of hindquartei paialvsis resulting from interruption of the 
descending aorta arises from four factors (1) the level of obstruction (less 
risk progressing downward fiom left subclavian aiterv to abdominal aorta), 
(2) the duiation of obstruction, (3) the number of mteicostal artery and other 
collaterals mterrupted m the course of mobilizing the lesion to be excised, 



A 



Fig 7 —-Case 2 4 Chest ^ ray four and one halt months after operation B Right 

femoral and brachial arterial pressures obtained at the same time hr Intra-arterial puncture 
and recorded b> a Hathaua} oscillograph 


and (4) the metabobc late of the tissues below the let el of obstiuction The 
combined effects of high aortic occlusion and interruption of all intercostal 
arteries were doubtless lesponsible for the paitial paiaplegia in Lam and 
Arm’s case 13 following aortic occlusion on two occasions of twenty-four and 
fifteen minutes respectneh Comerseh the absence of cord damage fol¬ 
lowing obstruction of the descending aoita foi foi tv-fit e minutes m DeBakev 
and Coolet’s case 13 mat be lelated to the low level (eighth dorsal) of aoitic 
obstruction m their case 


Hufnagel aud Gross, 0 hr refngeration of the backs of dogs, and Beattie 
and Ins co woikeis' 1 employing htpotlieimia m dogs, pietented hmdquarter 
parnltsis following occlusion of the nudthoiacic aorta foi thntv and ninety 
minutes, respectnelv Hypothermia alone, or m combination with shunts of 
smaller caliber than those necessaiv at noimal rates of metabolism may be 
tound useful in resectional surgen of the human thoiaeic aorta Until meas¬ 
ures to minimize the risk of lentnculai fibrillation or caidiac standstill in 
nduUs undej mpother™, aie found 13 howevei an external shunt of ,L e 

P " £ "'" ,,e 101 " wn "« «H»n of 

The problein of oorlic ord, losocho,, enclosing Imill,p] e small-bore (I 14 to 
d„„eo, ease of „c ore,, rosed,,,, The, recover, 
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of the shunts they employed imposed an oieiwhehng woik load on the henit, 
and eontnbuted to a piohilntive moitalitv This was oveicome bj impeding 
the inflow of blood into the heait by means of paitial occlusion of the mfeiior 
'ena ca\a The manemei would seem only to add to the complexity of the 
pioblem A snnplei solution seems to be the enlaigement of the calibei of 
the shunt 

In selecting the calibei of the shunt to be employed, the elosei it appioxi- 
mates the lumen of the \essel to be In passed the fewei plnsiologic alteiations 
will lesult Izant Hubay, and Holden 18 bale shown expenmentally in dogs 
that a shunt with a 5 mm inside diametei will pieseiye 80 per cent of the 
blood flow and adequate piessute to piecent ischemic changes m the spinal 
cord and kidnei s 10 We hai e found in dogs that the use of a compaiable shunt 
(6 mm inside diametei) is associated with significant meieases m piessiue 
pioximal to the shunt which drop to negligible lei els if a 10 nun inside diam¬ 
etei shunt is used 20 

The optimum size of the shunt foi clinical use is not known The lesults 
of the piessuie studies in Case 2 and studies on dogs indicates that appioxi- 
mately 10 mm should be the minimum inside diameter In older subjects 
with waiving degrees of coionaiy aiteiy disease and hvpeitension, the increase 
in caidiae work imposed by shunts of smallei calibei would not be well tol- 
eiated 

SU3IMVK1 AVD CON'CLISIONS 

Two eases of aneuiysm of the mtiathoiaeic aorta tiented by suigienl 
excision and giaft leplacemeut, employing an external shunt of laige caliber 
during the penod of aortic dissection and occlusion aie piesented 

The Hist case was a fusiform and sacculai scphihtie aneunsm of the 
entire intrathoracic aoita which was excised with lestoiation of the nieh by 
freeze-dried aoitic heteroginft The pioceduie was technically achiewed blit 
the patient expired duung leeoceiy fiom anesthesia as a result of hcmonhage 
from the pulmonary aiteiy stump of an incidental pneumonectomy A shunt 
with a 10 mm inside diametei functioned well duung a six lioui and foitw- 
fh e minute penod of am tie obsti notion 

The second case is a classical posttnumatie sacculai aneunsm of the fiist 
poition of the descending aorta accompanied In a patent ductus aitenosus 
suecesafulh tieated In paitial aoitic icscction lestoiation of aoitic continiuty 
be fice/c clued aoitic homogiaft and dmsion of the ductus Aoitic pies 
sures taken duung the opeiation of the shunt disclosed distal aortic pressures 
to be adequite for pieaention of iciial and spinal cold ischemia It is esti¬ 
mated that an external shunt toi the adult human aoita should lince a mini¬ 
mum inside diametei ot 10 mm tluoughout 

The false pieopeiatne estimate that the second ease would be amenable 
to local excision and aoitonhaphy suggests that a shunt and suitable graft 
should ilw.us he niailnble when a ease of lntrathoiaeic aneunsm is explored 
The shunt emplaced in the eases piesented not onh piocides a conduit 
during the penod of aortic obsti action but introduces a factoi of safety while 
the aneunsm is being dissected 
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RESECTION OF THE THORACIC AORTA WITH REPLACEMENT 
BY HOMOGRAFT FOR ANEURYSMS AND CONSTRICTIVE 

LESIONS 

Dfxton A Coole\, M D , and Michael E DeBakfv, M D 
Houston, Tews 

O NE of the most significant aclyances in the field of eaidiovasenlai suigeij 
made duung the past decade has been the development of the concept 
and technique of eNCisional theiapy foi eeitam congenital and acquired lesions 
of the aoita The first successful lesection of a segment of the aoita yyns le 
poLted hi Gioss 31 and Ciafooid and Nvlin 18 in 1945, both of whom excised a 
coaictation of the aoita and peifouned end-to end anastomosis In lesions 
yyheie this can be accomplished, this pioceduie still pi 01 ides the most effective 
method of theiapj On the otliei hand, in ceitun unusual types of coarctation, 
a length! segment ot aoita must be lemoied thus piccluding the peiformance 
of end to end anastomosis Vanous methods of dealing until such situations 
haye been pioposed but these also impose eeitam limitations upon opeiability 
In some eases of atvpical coaictation foi example the pioblem may be sohed 
In utilizing the left subclavian aiten as a shunt to budge the aoitic defect 
li! a method used experimentally by Blalock and Paik s In geneial, hoyveyer, 
the pioblem of lestontion of aoitic function aftei extensne aoitic lesection 
lequned the deyelopment ot a technique y\ith widei applicability in oidei that 
moie ixtensne lesections could be satisfactoiih accomplished Aoitic resec¬ 
tion foi lesions such as aneunsms not associated v ith yasculai obstiuction 
also imposed eeitam limiting factots upon the opeiation, contiol of uhich 
lai gely detei mines the success of aoiteetonn 

At the turn of the centum Canei 13 dcmonstiated expeimientalh that sue 
eessful lesection of the thoiacie aoita in animals uas possible and that the lesult- 
mg defects m the aoita could be successful]! lepaned by lessel giafts During 
the past decade the feasibility ot aoitic homogiafts used clinically to iepan e\- 
tensiye suigical defects m the aoita cieated by lesection of coaictation has been 
dcmonstiated by Gross 3 " and subsequently by othei-s" 3 10 3131 3 ‘ 3 ’ 30 11 * r 

yyho liayc utilized the ]uoccduie in the tieatment ol liiciuysms and constiac- 
tne lesions located m both the thoiacie ind abdominal aoita The present 
limitations on the oppln lbility of aoitic iescction include ceitain technical 
and pin siologu al faetoi-s among y\lnch aic the natuie and extent of the lesion 
and its location The puipose of this piesentation is to considei these factors 
md the means of combating then limiting influence in a senes of 12 aoitic 

From the Di pnrtnit-nt of SurKirj Ihwlor 1 nl\cr«Itj Co h m of Medicine nn<l the Jeffer 
«on Pul? and Methodist IIo«pitnlK Houston T< tiu» 

\I,|h 1 In port b\ n srnnt from the Hou«ton Dl«trlct Clinpter Te'cn« Ilrirt A««oclntlon 
Itin<l nt the Thlrt' fourth \nmml Meetlnc of The \mi rlrai \r-;ocintlon for Thoracic 
Sur>.<_ra nl Montreal Quebec Mn\ ' to 1 Hi! 

00 
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resections and homogiaft replacements, 7 of nhieh were done foi aneurysms 
and 5 for constrictive lesions (See Addendum ) In some cases giafts preserved 
m a modified Tvrode s solution weie employed foi this pmpose, hut m the 
joritr of instances freeze-dned oi hoplulized grafts ueie used The cnteiia of 
selection and method of procuiement, preservation and final restoration of t ie 
graft for use are reported elsewheie 


I \ rTTOVOtlC 


Excisional therapy of thoiacje aortic aneurvsms was suggested and tned 
unsuccessfully hr Tuffiei«' moi e than fifty years ago In 1910 Cai l el 1J stated 
“The diagnosis of the aneurisms of the aoita can be made today at a compara¬ 
tively early period It is rational to think that some of them can he extnpated 
Therefore we must find methods which permit lepan to the aortic wall after 
a partial or complete resection ’ Yet not until two veais ago was extirpation 
of aortic anenrvsms first advocated as the procedure of choice m all cases of 
thoracic aneurysm where factois permitted its satisfactoiv application 1 The 
inevitably fatal natuie of aortic aneurvsms justifies an aggiessive appioach to 
such lesions duected tow aid lemoial of the inepaiablv damaged tissue and 


restoiation of aoitic contunutv 

In general two types of piocedines may he employed for this pmpose, 
namely tangential excision with lateial aortoi rhnphv and resection of the 
involved segment of aorta with leplacement bv aortic homograft For sacci¬ 
form lesions involving the ascending aoita and proximal portion of the aortic 
arch the former procedui e mar he used Bv placing a clamp across the neck 
of a sacciform aneurvsm m the pioximal regions of the aorta the sac distal 
to the clamp mav be excised and the aorta repan ed without encroachment 
upon its lumen This is obviously an important piactical method of dealing 
with snecifoiin lesions in the ascending aoita and aieh since it piecludes the 
necessity of tempoiaiv anest of the circulation which at a high aoitic level 
could easih produce lethal ischemic damage to the brain as well as left ven¬ 
tricular dilatation and fatal cardiac failuie 

Fusiform anemvsms of the thoiacic aoita which involve the entire cir¬ 
cumference of the vessel present a special problem m that extirpation lequires 
removal of an entire segment of the aorta Aneuivsinectomr for sneh lesions 


presents two problems, one is concerned with the ischemic effect on tissues 
distal to the point of aortic occlusion and the othei with bridging the defect 
cieatod by aortic resection The latter appeals to have been satisfactorily 
solved for the present bv the use ot pieseived aoitic liomografts Thus solu¬ 
tion of the former pioblem repiesents the cutical factoi m successful peifoim- 
tucc of the operativ e procedui e A mimhei of factois mav influence the degiee 
of ischemic damaee occinnng during the peuod of temporarv interruption of 
aortic circulation The level of occlusion is olmoush significant Even buef 
periods of occlusion of the ascending aoita oi the tiansverse aieh of the aorta 
are hheh to be fatal Thus foi the present lesions m this legion remain in¬ 
operable bv ehmcaUv proved methods On the othei hand tempoiarv oc- 
elusion of the thoracic aorta distal to the left caiotid oi left subclavian aiterv 
mav be tolerated bv the myocardium if certain undesnable sequelae from 
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ischemia to the tissues distal to the occlusion can he conti oiled satisfactorily 
Expenence indicates that the spinal coid is the most \ulneiable tissue to 
tempoiarv aoitic occlusion at these high levels The degiee of renal ischemia 



Up 1 —Dlauramnmtlc drnulnK of siiRlttnl 5<-ctlon of bo<l\ ><ho\\lnK nlntlonihlp between the- 
anatomic b\<la of aorta \ert<br-0 column and spinal cord 


produced In tempomi noitie occlusion ahoie the lenal aitencs has not re¬ 
sulted in significant lmpaiuueut of icml function in oui experience, noi has 
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theie been am evidence of ischemic damage to othei abdominal visceia or the 
loiver extremities Thus pieientiou of spinal cord damage during occlusion 
of the descending thoracic aorta is usuallv the critical factor in the success 


of the pioeedure 

In geneial the level and the dmation of occlusion of the aorta determine 
the extent ot coid damage The distal portion of the aoitic arch is located 
appioxmiatelv at the level of the fomth thoiacie veitebia and the origin of the 
sixth dorsal nene from the spinal cord and the aoitic hiatus in the diaphiagm 
is approximately at the level of the fifth lumbai neive (Fig 1) The loner 
end of the spinal cord is located opposite the fust 01 second lumbai vertebra 
~\\~}ieieas cioss-clampnig the thoiacie aoita distal to the aich may produce a 
seveie paraplegia or even death from spinal shock occlusion of the abdominal 
aorta below the renal aitenes as in resection ot aiterioscleiotic aneurvsms m 
this region lareli is complicated bv spinal cold damage Thus m 45 cases 
of abdominal aneurvsms m nhich the aorta distal to the lenal arteries was 
occluded for penods up to two hours there has not been a single instance of 
neurologic change in the loner extremities attei operation 

Another factor influencing the degree of ischemic damage to the spinal 
cord is the necessity for double-elampmg the aorta above and below the lesion 
in older to excise the inteivemng segment Experimental evidence nidicates 
that ci oss clamping at tno sites simultaneously one on the pioximal and the 
other on the distal thoracic aorta liici eases the paiaplegia and mortality lates 
significantly m animals 42 Furtheimore m aneurysmectomy the risk is in¬ 
creased bv the necessity for division of varying numbers of mtei costal arteries 
depending upon the extent of the lesion. In the experimental animal division 
of intercostal arteues concomitantly with temporary* aoitic cioss-clamping in¬ 
creases the incidence of paraplegia as well as the moitaktv Thus it ivonld 
appeal that the length of the lesion influences significantly the risk of ex- 
eisional theinpy since this necessitates division of me teasing numbers of inter¬ 
costal artel les 


s till anothei important consideration is the extent to y\hieh collateial 
circulation deyelops around the lesion In instances of insidious oi chioruc 
occlusion of the aorta as in coaictation the rich collateral netivork uhich is 
usually present insures against serious ischemic damage occurring even dm- 
mg prolonged penods of aortic cross-clamping Consequently few cases of 
paraplo-na resulting from resection of the aorta for coarctation have been re¬ 
ported 5 Concert ably collateral circulation mav be mildly stimulated bv 
the presence of an aortic aneurysm and tissues beloyy the lesion mav eyen de- 
'elnp a rclatne toleiance to chiomc paitial ischemia Although theoietieallv 
these tut tow may exert some protectne influence their clinical effectiveness 

in pm tmmg ischemic changes during tempoiarv aortic occlusion caunot be 
relied upon 


till anotliei factor influencing the deg.ee ot ischemic damage produced 
b' n mt of aortic eireillation is the duration of occlusion The critical safe 
permd -u tortie occlusion has not been accurately dote.mined hem- qmte 
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\auable in the lepoited expeuence Bahnson 2 lepoited eioss clamping the 
distal poition of the aoitic aich foi 7 minutes m one case and 20 minutes in 
anothei mthout evidence of ischemic coid damage, and Ciafooid 19 lepoited, 
in a case of patent ductus aitenosus, occluding the aoita for 27 minutes with¬ 
out paiahsis Out expci ience indicates that the safe penod mav extend eien 


T\uie IV Resections of the Thoracic Aorta With Replacement b\ Homofraft For 
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loii'mi (Table IA) Xev eitheless the duration of occlusion m opeiations for 
thoracic a 01 tie aneuivsms must be minimized legaldless of the factois uhieh 
mav tend to prolong this cntieal safe period 

Aceoitlmglv ceitani technical steps in the opeiation designed to minimize 
the period of aoitic occlusion assume piactical importance In general the 
method which ive hare used m all eases has been similar to that employed m 
Case 2 which mil be used as au lllustiatne example (Figs 2 3) Adequate 
evposme is aehieied hv posteiolateial thoiacotomv , one usually lesects a rib 
foi this pmpose Where a long segment of aorta must he visualized, moie 
satistaetorv exposure is obtained by dividing the postenoi ends of several 
adtacent nhs In an occasional instance as in Case 6 m vv Inch the entire 
thoiaeie aorta is involved it mav be piactical to make a double entry into the 
pleuial space bv opening both the fourth and the eighth intercostal spaces in 
ordei to expose adequately the pioximal and distal ends of the lesion (Fig 4) 
All prehnnnaiv dissection and mobilization of the adjoining aoita aie com¬ 
pleted and tempoiaw encncling tapes aie applied After resectability of the 
lesion is detei mined the graft is piepaied foi use 20 

With everything in leadmess the pioximal and distal clamps aie applied 
and the exact tune of occltisiou is noted Then the aneiuvsm is quickly re¬ 
moved laigei bleeders being ligated as they aie divided In extensive lesions 
total lemoval of the nnemvsm at this moment mould involve a tedious dis¬ 
section with possible damage to adjacent oi gans thus delaying the ultimate 
lestoiation of aortic emulation Undei such encnmstnnces only enough of 
the nncurvsm is removed imtiallr to peinut trimming of the pioximal and 
distal ends ot a normal aorta and to piovide a trough for placement of the 
<naft (Fig 3! Complete evacuation of the aneurvsm and excision of the sac 
aie postponed until aftei the giaft has been inserted and aortic flovi has been 


i esumed In pei foi tiling the anastomosis considerable time mav he saved hv 
utilmng a simple ov ei-aud ov ei continuous sutuie using 0000 aitenal silk 
lntemiptmg the sutuie line at two oi thiee points along the cncumferenee of 
the anastomosis Upon opening the elamps there mav he tempoiarv bleeding 
fiom needle holes but this wall cease usuallv aitei a fern minutes Occasionally 
additional sutiues mav be lequned in the anastomosis When aortic continiutv 


is completelv lestoied the lemamdei ot the sac is lemoved If erosion of the 
vertebral bodies has occuued theie is oidinauh no sac piesent posteriori! 
and the laminated tlnombus is in contact with the lnaiiow cavity of vertebrae 
In some instances wheie the graft is suspended acioss such a laige excavation, 
it is advisable to vu \p the giaft eithei with some adjacent pleuia or else to 
transplant into the thoiax a pedicled flap of omentum which mav be bioimht 
t hrough the aortic hiatus m the diaphi agin Aoi tie occlusion time in the chest 
should not exceed one liom and m less extensiv e lesions may be approximately 
hnrtv minutes Anticoagulants aie not used dining or aftei such operative 


In addition to minimizing the duration of aortic occlusion other possib 
solutions to this pioblem include the use of shunts around the oeelnded se 



Fig 2 —Drawing showing operatne technique employed in Case 1 used as fllustrathe ex 
ample of procedure usually employed In resection of descending thoracic aorta for ancurvsm 
a Deft posterolateral thoracotomy incision is employed dhldlng posterior ends of adjacent 
ribs b Yneurysm is demonstrated in relationship to yertebrae posteriorly and esophagus and 
lung anteriorly Arrow Indicates retroesophageal projection of aneurysm to the right 



Up *•—Drawing showing m« thod of insertion of aortic homograft to r< store circulatory 
continuity a \ftrr clamping aorta abo\e and below le«ion a portion of thf nneury^ni Is 
xtlsed and tin ends of tht aorta trimmed h < raft lie^ in tlie lumm of the incompletely 
xeked aneurysm a* the anastomoses art p* r form eel with continuous oyer and o\ er suture of 
OPftO art rial silk intf rrupted at seyeral jtolnts L pon restoration of circulatory continuity of 
nortti r< malnd* r of nntunKm and contf nt* ar remoyed c ( rnft which bridges yartebm! 
excayation Is co\<rod yylth adjacent pleura- 
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ment ot aorta and the use ot hvpothemna The former mar be achieved by 
terapoiarv nitTalununal 01 external shunts 33 36 - v 3 3 43 Both of these methods 
hare been emploved experimentally and although thev would appeal to be 
quite useful loi this purpose then elimcal effectiveness has not been demon¬ 
strated Another possible solution to this piobleni lies m the use of hvpo- 
theimia in ordei to reduce the arterial ovrgen requirements of the eential 
nenous STstem and thus prolong the period of safe aortic occlusion 6 The 
piotective effect of hvpothernna m pi eventing ischemic damage dmmg ex¬ 
perimental temporary occlusion of the aorta has been clenih demonstrated ' 1 4 ~ 



1 —Drawing showing: incision u*»ed fn Ca*e 6 nhprp lpnr»rn r 
ni I i 0, V re °i f ent l* re aorta Single incision te made through °Un and 

ami pleural ca\it> It opened thiough both the fourth ana eighth intercom tat cSv- 
P^rformnnc* of the ane*ur\ ^mpctomv 'md anastomoses Pace- facilitating 


In our own expcuments with temporalr aortic occlusion the mortality in 50 
control animals was 32 per cent and m a suuilai numbei ot hypothermic arn- 
unK 2a pei cent In these same experiments the iate ot pamplesna in the 
survmng conttols was 65 pe, cent and m the hypothetic gioizp no instance 
ot pai lplegn w as eneounte, ed IT om these ohsei v ations it may be concluded 
vat hvpothernna deserves cautious chmeal trial paitienhailv with opemtwns 
oi ie more proximalIv situated aneurysms of the descending thoracic aorta 
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and although the thoiacic aoita nas occluded foi 53, 62, and 53 minutes, le- 
spectively, m none of these y\as theie evidence of paiaplegia aftei opeiation 

llie tollowmg case lepoits of oui expenence xvith lesection of aneuiTsms 
of the thoiacic aoita emphasize eeitain anatomic and physiologic considera¬ 
tions encounteied m the excisional theiapv of aoitic aneunsms and lepiesent 
a consecutive senes of 7 patients tieated by anemvsmectomv and aortic homo 
giaft 

CASE REPORTS (VXEURA SMS) 

C\SE 1 ’>—R A a 4(ivearold white mnn, nas admitted to Methodist Hospital on 
Dec 31, 1052, with excruciating pain of three months’ duration located m the lumbar 
region of the bach abdomen and inguinal region, requiring opiates for relief Palpation 
of the left eostov ertebrnl angle elicited pain, and there Tins roentgenog rapine evidence of 
nn nneurv mu of the lower thoracic and upper abdominnl aorta producing erosion of the 
bodies of the ninth Until, eleventh, and twelfth thoracic and the first lumbar vertebrae 
Serologic test for svplnlis was positive 

On Tnn 3 1953 through a left thoracoabdominal incision, the aneurism was re 

sected, and the 15 em defect in the aorta was repaired with a homograft preserved in 
modified T\ rode solution (Table IA) The period of aortic occlusion was 45 minutes, and 
there nere no neurologic sequelae after operation Com alescence n as uneientful and he 
uas discharged from the hospital thirti one dn\« later 

The patient has remained well and free of pain and has returned to work Recent 
roentgenograms of the thoracolumbar spine reienl progressne regeneration of the eroded 
vertebral bodies and there is no evidence of dilatation of the graft 

Comment —To oui knowledge this is the fiist successful lesection of an 
incunsm of the thoiacic aoita with homogiafting Lam and Aiam 30 previ¬ 
ously lepoited a snmlai case in yvlueh a Luge pait of the aneuivsmal sac and 
contained tlnombus y\eie not lemoyed, lesulting m infection seyeral months 
latei with fatal secondaiy hemouhage It is impoitant, as emphasized pievi- 
ouslv" 11 lJ 311 to extnpate as much of the aneuiysm and thiombus as possible 

The homograft which lav suspended across the laige veitebial excavation 
m oui Case 1 lacked soft tissue suppoit so this was supplied by utilizing the 
pedicled omentum to wiap the giaft Follow up period in this case is appioxi 
inatelv sixteen months, and the gnft shows no eyidence of degeneiation 

t \SE 2—O T n 30 vear old Xegro man, was ndmitted lo Jefferson Dnviv Hospital, 
lune 3, 1033 with everuunting pain in the left chest requiring opiates for relief In 
1042 he had experienced substemnl pain radiating to the bnek, mid in 1947 he Has ad 
nutted to the hospital because of severe pain in the left chest following the course of the 
fifth and sixth intercostal nerves On that admission roentgenogram of the chest revenled 
nn aorta nneurv and distinction of the thoracic verebral bodies Serologic tests for 
viphilis vviri positive and the patient reemed 0 million units of penicillin Prior to the 
present admission he hnd been observed on several occasions in the medical clinic for the 
nneurvsm and during this period lie was almost totnil' disabled bv pain m the bnck and 
left eliest 

Phvsunl ex lnnnation revenled a thin e hromcnllv ill appearing man in constant dt« 
comfort Then Here normal carotid and brachial pupations nnd blood pressure was 140/90 
mm Hg The heart was mildlv enlarged nnd there was no evidence of uortic insufficient 
There was dullness to percussion over the posterior lung fields, and breath sounds were 
al>si nt in this area There was a palpable pulsation m the posterior che«t Hall near the 
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inferior nngle of the left scapula The remumdi r of the examination was not remarkable. 
Hemogram and unnnhsis 1 ere nithin normal limits, and serologic tests for syphilis were 
negatix e 

Roentgenograms of the chest rexcaled a large mass in the posterior mediastinum 
extending to the left within another process extending to the right (Fig 5) Esopha 
grams showed n distortion of the esophagus with displacement to the left (Fig G) There 
nas erosion of the bodies of the sixth through the tenth thoracic lertebrae Fluoroscopj 
rei ealed minimal pulsation in the mass 

On Tune 11, 1953, a left thoracotomi was performed through the bed of the resected 
seienth nb, and to obtain adequate exposure the posterior ends of the fifth, sixth, and 
eighth ribs were divided The aneurj sm was extensile and was denselj adherent to the 
posterior surfaces of the left upper and lower lobes of the lung Proximallj, the aneurism 
arose about 1 5 cm distal to the left subelanan artery and extended distal!} to a point 
about 5 cm above the aortic hiatus in the diaphragm (Table IA) Posteriori}, there was 
no definite sac, nnd there nas a deep excavation of the vertebral bodies leaving the inter 
vertebral bodies relativeli unimohed There was an extension of the sac far to the right 
of the midhno and posterior to the heart, and this was encroaching upon the ribs in the 
right costox ertebral gutter The aneurj sm, together with tho contained laminated 
thrombus, was completelv removed, and a 23 cm homograft preserxed in modified Tirode 
solution nas inserted (Figs 2 nnd 3) Tho graft preserx ed in modified Txrode solution 
was inserted (Figs 2 and 3) The period of aortic occlusion nas 45 minutes At the com 
pletion of the procedure circulation to the lower half of the bode was satisfactory A 
prophylactic tracheostomy xvas performed 

Urinary output during the first twentj four hours after operation yvns 750 cc, and 
no renal complications ensued His general condition improved steadily, and after about 
ten days he was completelv free of pain and his appetite returned On tho second day 
postoperatix elj it was noted that there was diminished sensation in the feet and general 
weakness of all muscles of the lower extremities This xreakness never dex eloped into 
frank paralrsis, and he had no loss of sphincter control of the anus or bladder After 
lutensne physical therapj he left the hospital ambulatory on Aug 17, 1953, using a cane 
for support 

Since dismissal from the hospital, the patient has improx T ed progressively, and xxhen 
last examined on April 15, 1954, he had gained 30 pounds and wnlked unassisted with 
minimal residual weakness in his legs Roentgenograms of the chest at this time showed 
progressixe resolution of the residual pleural thickening on the left There was kypboscoli 
osis in tho region of the x ertebral erosion, but callus formation indicated satisfactory 
healing (Figs 7 nnd 8) 

Comment —In spite of the magnitude of the lesion in this case, successful 
surgical coirection x\as aehiexed, and almost the entire descending thoiacic 
aoitn was leplaced lit a homograft measuiing 23 cm in length The neuro 
logic sequelae, although troublesome, xxeie not disabling, and the patient has 
been completelv rehabilitated The lesult in teims of palliation is striking, 
and life expectancy has unquestionably been extended 

Case 3—T M, a 58 year old man, was admitted to Jefferson Haxis Hospital on Xor 
10, 1053, complaining of intermittent, sex ere pain in the left lower chest posteriorly radi 
nting to the epigastrium ne xia« in good health until ho sustained nb fractures on the 
right in an automobile accident in June, 1953 

He xxas in constant discomfort and appeared chronically ill Blood pressure xva9 
13S/O0 in both arms, nnd the heart was slightl' enlarged with a Grade II aortic sjstolic 
murmur There was dullness to percussion over the left chest posteriorly but no abnormal 
pulsations 




1 


B 


J'](. 7 —A and S Roentgenograms of the chest in posteroanterior and lateral projections 
in Case 2 made ten months after operation, demonstrating absence of aneurism and residual 
pleural thickening on left. 
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Fig D—Roentgenograms of chest In Case 3 show ing In postcroanterlor projection (A) 
n tortuous fusiform aneurism of the entire descending thoracic aorta and In the oblique ( B ) 
deiiatlon of the esophagus bj aortic elongation and kinking 



I ip_Retouched r< trogrndo nortogr im In < nsr 3 demonstrating Congat* d aorta and fusl 

form aneurism ullh distal fu«osneclform dilatation containing Inmlnatrd thrombus 
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Serologic test for svphilis wa* positive Electrocardiogram revealed left ventricular 

hvpenrophv and suggested anterolateral ischemia. 

Eoentgenograci' ot the chest showed moderate dilatation of the ascending aorta 
and an extensive aneurism miolvmg the entire descending thoracic aorta (Fig 91 These 
findings were confirmed 1>' a retrograde aortogram (Fig 101 

He received 2 400 000 units of penicillin, dailv for five davs pnor to surgerv Follow 
mg retrograde aortographv he was hvpotensive for twentv four hours probahlv dne to lm 
paired mvocardial function. 

Thoraco-omv was performed Nov 9 1053 under ether anesthesia A single postero 
lateral incision was made through soft tissues but in order to expose the aorta proximal 
and distal to the anenrvsm the pleural cavitv was entered m both fourth and eighth inter 
space' (Fig 41 The fusiform aneurvsm extended from the level of the left subclavian 
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Kl P 11—Photograph ot specimen remoied in Case 3 showing aneuwsm in\ol\ inc entire 

«ie~cemlinc thoracic aorta. 

arte-v proximallv to the level of the aortic hiatus aistallv (Table LAI The upper portion 
of the anenrvsm was not as large as the distal portion where the lesion was approximated 
1- cm in diameter ana was eroding the vertebrae (Fig lit The aorta was clamped above 
and below the aneurism for 77 minutes while a segment of aorta measuring SO cm m 
length was re=ected and replaced bv a lvophilized homograft Operation lasted 4 hours 
and 45 minute' and he received a 3 500 c c blood transfusion. 

During the postoperative period a constant dnp of Levophed (nor-epinephnnel was 
nece^arr to maintain blood pressure at 0 100/50-60 mm Hg He moved his lower ex 
t remit ie- well and uianari excretion was satisfactorv About twelve hours after opera 
tinn Levophed was inadvisedlv discontinued and before it could be restarted the patient 
became restless 'uddenli hipotensive and expired. 

\utopsv retealed that the aortic homograft was intact and presumaldv functioning 
'atisfactonlc The heart showed no endence of recent infarction although there Was 
coronar\ aneno-clerOMs and histologic e\ idence of mvocardial fibrosis 

Comment Iu tins cose tlie -until, homognft measuring 30 cm 111 length 
the longed used m our senes The entile descending aorta was remoied 
™ WW the left obeli'ian arterv to the aortic hiatus in the diaphragm 
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druchng all of the mteicostal aitenes In spite ot this extensile aoitic re 
section the patient mined his louei cxtiemities yell following opeiation Ade 
qnate exposuie nns obtained hi utilizing the technique of double entiy into 
the chest by sepaiate inteicostal incision The decision to lemoie the entire 
atieuiysm imohmg the entiie descending thoiacic aoita uas piobablj a 
mistake, and onh the distal poition of the aneunsm itInch was eioding lerte- 
ln ae and causing seieie pain should have been 1 emoted Olmoush, lemoral 
of the entile lesion incieased the opeiatne lisk 

Case 4—E AL, a 50 tear old Negro woman, was admitted to Jefferson Davis Hospital 
on Not 12, 1953, with severe pain in the left chest of eighteen months’ duration The 



Up 1 —A anil n Rocntgenoprnnis of the chest In Case 1 In posteronnterlor ami 
lateral projections shoving fusiform dilatation of the entire thoracic aorta with fusosncclform 
protuberance In the distal half of the descending aorta 


pain originated posteriori' near the inferior angle of the scnpuln and radiated oblique!' 
nnteriorl' and inferiorh Opiates "ere necessnn for relief of pain She had lost 20 
pounds in "eight 

Ph'Mcnl examination roe ealed a poorh dee eloped and chronienlh ill appearing 
woman "ho was in moderate discomfort The blood pressure was 170/100 mm Hg Tho 
heart "ns enlarged and there "ns au aortic scstolic murmur Grade II, but no etidence 
of aortic liisufhcicnc' The remainder of the examination, including a neurologic suree', 
"ns not remarkable 

The serologic test for siphilis was po«iti'C, but the remainder of the laboraton 
studies were considered normal 

Roentgenograms of the chest re\ealed moderate cardinc enlargement, most!' left 'en 
tricolor (Fig 12) The entire aortic arch was invoiced in n fusiform nneunsmnl dilats 
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tion In the distal half of the descending thoracic aorta, there was a fusosacciform 
aneurvsm occupying the costovertebral sulcus postenorlv but demonstrating no erosion of 
the vertebrae or nbs 

On Nov 19, 1953, under ether anesthesia a left posterolateral thoracotomv was done 
through the seventh intercostal space There mas a large fusiform dilatation of the entire 
aortic arch and proximal descending aorta (Table IA) The aneurvsm m the lower 
thoracic aorta was fusosacciform and extended over a distance of approximately 10 cm 
The aortic diameter proximal to the lesion was about twice the size of the distal aorta, 
and the lesion extended to the diaphragm below (Fig 13) Because of the distribution of 
the pain, only the aneurvsm of the lower thoracic aorta was resected The lesion was 



' '"'iKnnn”,', «r!P len , rtm o\ed in Case 4 shoeing fusosacciform aneurism u 1th 
crepnnci In diameter of the aorta proximal and distal to lesion 

Contiauit” n of 1 ^' ertel,rae nud rll,s postenorlv, but erosion of bom structures was absent 

thorncic aorta (fJui Tt.’ re e ' tabl,,hed b ' lnsertln e » 12 ™ Ivophilued segment of 

creula, , , , Cla,np * W ° rP rem(ned 3S minutes a «er they had been 

U c 1011 *° t,ie lo " er half of the hodx was re established 

turU n rV S a° n a°J™‘ , '\ CO r c T sn,00t1 '- " lth no e ' ldence neurologic d,s 

ua« discharged from the hospital on Dec 13, 1953 W hen last seen in 
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Fig' 14—Photograph made at operation in Case 4 showing 12 cm. homograft Inserted 
into aortic defect Lower anastomosis is located about 5 cm abo\e aortic hiatus in din 
phragm 



Hjr 1*5—4 nnd r Postoroanterior nnd lateral roentgenograms of chest in Case 4 made 
fi\«_ months after operation showing persistence of fusiform nneurwsm of thf aortic arch and 
ab« nee of furo«nccifomi le«lon of the descending thoracic aorta 
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4 . , 10 -, cte was free of pain and had gained 15 pounds Boent- 

revealed progressive clearing of ^pleural ^ 

base (Fig 15), and fiuoro'copv revealed no dilatation m the graft 

Comment -In thrs case only the symptomatic portion of the ancysm 
ie the fusosaecifonn dilatation in the lower thoracic aorta was resected I 
contrast to Case 3 where the entire descending thoracic aorta was removed and 
death ensued this patient has responded veil. Apparently the sacciform pro¬ 
tuberances on the aorta represent the site of maximum degeneration and weak¬ 
ness and are most likely to cause pain and ultimately to perforate 



A B 

Fie if —A and 13 Posteroanterlor and lateral roentgenograms of chert in Case 5 made 
rlx n-eok? after nneun.rmectoms performed elsewhere showing large aneurysm of distal half 
of aortic arch. 


Cise 5—D T„ a 17 -rear old white girl was admitted to llethodist Hospital on Dec. 25, 
l°ol with a diagno'i« of aneurvsm of the aortic arch and suspected septicemia. She had 
t'Cea healthy and was attending public high «choo] uhere a routine surrey roentgenogram of 
the chest rcrcalcd a small crstic mass vn the region of the left upper lobe Esploratorr 
thoracotomy was done on Xov 11, lo?3, at another hospital, at which tune a small thin 
walled anenrr-m of the arch of the aorta measuring about 2.5 cm. in diameter was discovered 
nn-ing pirt dirfal and adjacent to the ligamentum artenOMim This lesion was excised tan 
gcntiilly and aortorrhaphr was accomplished with consideiable difficulty due to the thinness 
an. m de nature of the neih of the lesion After this operation she ran a febnle course 
an. .cptir,rm-i was «nspectod bat blood culture* were sterile She was discharged from this 
h '"J" aUut thTr * biter but readmitted in three weeks again with fever 106' F 

an o-e *pell of convnlc.onc in «pito 0 f mtcn-nve antimicrobial treatment, fever pemrted! 
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and sho developed severe substernal pain and a “brnssv ” cough Blood cultures were per 
sistently sterile Serial roentgenograms of the chest revealed an expanding mass in the 
upper left chest adjacent to the mediastinum 

She ivns then seen in consultation and transferred to Methodist Hospital Roentgeno 
grams of the chest upon admission revealed the mass to measure 8 b; 9 cm m diameter repre¬ 
senting a rapid increase in size of the lesion during the previous twenti four hours (Pig 16) 
Laboratory studies revealed a moderate anemia but no other abnormalities 



Fin IT—Photograph made at operation in Case 5 showing aortic arch homograft inserted to 
restore aortic as well as left subelai ian circulation 

Operation lias performed on Dec 25, 1853, under gemrnl nncsthesm and hvpothermin, 
which w is induced in a special rubberized blanket containing coils through which a refrigerant 
solution was circulated IVlien the rcitnl temperature wn« reduced to 85° F, the blanket 
was removed and the operation was begun Upon opening the previous thorncotomi incision 
it was apparent that the mn«s in the mediastinum was a large false nneurvsm of the aorta 
lntimntelc adherent to the left upper lobe (Table IA) The aortic nrch was mobilized prox 
imal to the lesion nnd the mul thoracic aorta mobilized distnlh A proximnl clamp was 
applied across the arch of the aorta di'tnl to the left common carotid nrterv, nnd a distal 
clamp wns applied several centimeters below the lesion Dissection of the nneurvsm revealed 
thnt it had a false sne supported largeh 1>\ the left lung The aneurism contained mosth 
fre«h clots nnd originated from the site of the precious nortorrhnphv which hnd disrupted 
A portion of left sut>clavmn nrterv wo« excised with the nneun«m, and the defect in the nrch 



COOL£\ 
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wa' replaced bv a corre'ponding <egment of Ivophihzed homograft of aortic arch 

, n i pnsrt jr (rig 171 The patient > subclavian arterv mas anastomosed to the 

\L ™ » »».- ■»■< *»«'«« -o'-™* ™ “ d " a ' a “ 

ammonal 12 minute' The operat.on required 4 hours and 10 minutes farming of 
the patient wa' accomplished m the rubberized blanket, through which warm solution mas 
circulated, and hr use of heat cradles 

Her condition for the first three davs was satisfactory Urinary output mas excellent, 
and there mere no neurologic sequelae However, oral temperatures steadily increased 
thereafter to a range of 101° to 103° F and tachv eardia persisted (130 to 160 beats per 
mi,vutel At intervals she received pemeilhn streptomycin ervthromvcin, achromycin, 
Chloromycetin and polvmvxra m large do'es without re-ponse On the fifth postoperative 
dai a po-mve blood culture for Klebsiella pneumoniae mas finally obtained and this or 
gnni'm mas resistant to all antibiotics Because of an increasing shadow m the chest films 
demonstrated at the left ba«e several unsuccessful thoracenteses mere performed In 
=pite of repeated blood transfusion' 'he expired on the eighth postoperative dav 

Autop'v revealed multiple intrapulmonarv abscesses and a bemopvothorax on the 
left Ao definite source of bleeding mas evident and the anastomoses mere intact There 
wa' al'o no evidence of infected vegetations in the graft or on the heart valves 


Comment —General bodv hypothermia it as used in this critically ill pa¬ 
tient because the location o£ the aneuivsm made it apparent that cross-clamp¬ 
ing of the aortic arch would he required It is significant, theiefore, that in 
spite of the faet that the aorta was occlnded 311 st bevond the level of the left 
common carotid arterv for almost one honr no neurologic damage resulted 
Indeed the hvpothernua appeared to play a vital part m increasing the pa¬ 
tient s tolerance to an extensive operative pioeednre It appears that she 
would have survived opeiation if the organism causing the septicemia could 
lnve been controlled In this connection and m light of certam observa¬ 
tions 10 11 suggesting that tissue cooling mav enhance infection, the hvpothernuc 
procedure in this case nnv have contributed to the difficulty in controlling the 
septic process 


C esc 6 - 4 —V. M ti 31 vear old white man mas admitted to Methodist Hospital on 
Tul\ 5 1013 with a hi'torv of having su'taraed a severe crushing injury to the chest m 
March 1054 while on active dutv in the Air Force Hemothorax resulted which mas sue 
ce"fullv treated bv thoracente'e' and 'mce that time he mas a'vmptomatic. Boent 
(.1 nographic 'tudie' on admi"ion revealed 3 partially calcified mass in the distal aortic 
arch. At tboracotomv on Tulv 7 1053, a fu'iform anenrvsm arising in the arch of the 
aorta ju't distal to the left subclavian arterv and about 6 cm long mas identified. Partial 
nneun -mcctomv mn' done exci'ing tangentially the lateral projection of the lesion and 
aortorrhaphv wa' done with multiple interrupted silk suture' Postoperative convales 
tmee ua' uneventful and he mas disnu'-ed ten davs later 


He remained well until December 1053, when he complained of pain in the left chest 
mr'eni" and difiicultv in deep breathing Roentgenograms of the chest suggested a 
° f an . eur " m ' and oortographv confirmed the diagnosis A second operation 

nr. aortic nr h 1 Th<? aneur '' m had recurred and enlarged so that it involved the en 
aortic arch Kg.nmng at a point ju't di-tal to the left common carotid arterv and 

(Tnldc'lU Thc n 7 V'/ “ 0mC ae ' cendla e thoracic aorta distaUv 

, ta ' Tn ' dou1,Iv clamped ju't di'tal to the left carotid arterv nnd „ 

-bum to th. ancurv «m and the le'ion mac re'ected preserving the attachment of the S 
cluv inn art. rv The s cm defect in the aorta mas re'tored with a comparable li f e 

""" ,r ’— "" tm z “,rs z 
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"ns G2 minutes At the completion of the operation, which lasted 4 hours and 20 minutes, 
the patient’s temperature was S3° F Ecu arming nas accomplished Tilth heat cradles and 
the special blanket circulating hot water 

About six hours after operation a massn e hemothorax de\ eloped and reexploration 
and evacuation of the blood clots were necessarv A generalized ooze of blood from all 
raw surfaces was noted, and intrav enous calcium gluconate, vitamin K, and protamine 
sulfate in addition to blood transfusions were used The chest was closed with drain 
age Recovery was complete, and ho was discharged from the hospital fifteen days later 
Since that time he has remained well and returned to work 

Comment —To out knowledge, tins is tlie first successful use of hypo 
theimia foi thoiaeic aneurjsmectomj r (See Addendum) Soon after the second 
opeiation theie was evidence of a massive left hemothoiax. which lequired opeia- 
tne evacuation Theie was an appaient temporary distuibance in the clotting 
mechanism pioducing a definite bleeding tendency aftei use of hypothermia In 
this instance the bleeding tendency was appaiently conti ollecl by injection of 
calcium, vitamin K, and piotannne sulfate, although the exact cause for the 
distuibance was not ascertained The possible lelationship of the hypothermic 
state to the clotting mechanism is not entnely’ clear 

Case 7 — J B, a GG year old Negro man, was admitted to Jofferson Davis Hospital 
Feb 25, 1954, with severe aching pain in the left chest of six months’ duration and a weight 
loss of 17 pounds He had a history of a penile lesion fifteon venrs previously but received 
no treatment 

Phvsital examination revealed a blood pressure of 190/120 The trachea was deviated 
to tho right, but there was no tracheal tug The heart was slightly enlarged to the left, and 
thero was a Grade II aortic svstolic murmur and frequent premature beats Tho left chest 
posteriori" was dull to percussion 

berologic test for syphilis was positive Electrocardiogram suggested anterolateral 
ischemia and left ventricular hypertrophy 

Roentgenograms of the chest showed a dilated ascending aorta and large fusosacciform 
aneurism of the entire descending thoracic aorta (Fig 18) 

In spite of the fact that the patient was an obvioush poor candidate for surgery, because 
of the disabling svmptonis present operation was undertaken on March 4, 1954 Prior to 
operation local refrigeration of the spine by means of ice packs was employed for about 
three hours During this interval the temperature of the spinal fluid decreased from 93 2° 
to 85° F and bodv temperature decreased from 98 4° to 94 5° F He described numbness 
in the feet and legs, but motor function was normal 

A left thoracotomv was performed resecting the sixth rib The aneurysm nroso about 
3 cm distal to the left subilavian nrterv and extended to a point 5 cm proximal to the dm 
plirngm (Table IA) The lung wns adherent to the mass, and posteriorly the sac wns nb 
sent, and tho adjacent vertebrae and ribs were eroded The defect in tho nortn which 
measured about IS cm after the lesion was excised was bridged with a bopliilizcd aortic 
homogrnft The nortn wns occluded for 53 minutes Iho operation Insted 3 hours and 
25 minutes and he received 3,000 cc blood transfusion Blood pressure wns 100/G0, nnd 
his condition wns fair at the conclusion of the procedure 

During the ensuing two hours he recovered from anesthesia nnd moved his lower 
extremities nnd talked to the attendants Vbout four hours after operation Ins blood pres 
sure dropped to S0/50 in spite of intravenous Lev ophed (norepinephrine) A roentgen 
ogrnni of the chest was obtained, nnd a mn»?ive left hemothorax was demonstrated The 
patient « condition deteriorated rnpidlv, nnd while preparation wns being made for op 
oration he suildenlv expired 
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At autopw the left chest contained an estimated 2,000 c c of liquid unclotted blood 
No definite bleeding point wa* demonstrated, and the graft was intact A generalized hem 
orrhagic ooze eras the probable cause of the hemothorax. There was evidence of coronan 
sclerosis and focal mvocardial fibrosis 

Comment —In this elderlv patient it was considered too riskv to emplov 
general bodv hvpothermia therefoie local application of cold to the spme was 
used to reduce the temperafuie of the eerebiospinal fluid Although death 
occurred six hours aftei operation he responded well enough m the postopera- 
tne intertal to mote his lowei extremities volnntanlv and appieciate painful 
stimuli Whether or not the local hvpotheimia emploved here had anv in¬ 
fluence on the subsequent bleeding tendenev is debatable but at the second 
thoracotoim it was evident that theie was a eapillaiv tvpe of bleeding which 
was generalized 
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obstiueted and local lesection with end-to-end anastomosis is lelativelj simple 
and the pioeedure of choice In these cases blood piessure in the caiotid and 
subclaiian arteries is eleiated, but in the lowei half of the body it is dimin 
ished and may be unobtainable In the so-ealled “infantile” coarctation, the 
aoitic constriction lies m a moie pioximal position often aboye the left sub 
clayian arteiv and usualh involving a longei segment of aoita Although in 
such cases death usually occuis shortlj aftei bnth some patients sumye and 
may Ine to adulthood In those instances whole the coarctation lies piovnnal 
to the left subclaiian aiteiy there mai be a stiiking disciepancy in the pulse 
and blood piessuie obtainable in the two aims and hipeitension in the right 
aim may be extiemely high The length of the constiictiie segment in mam 
of these cases togethei intli its position makes lesection with end-to end anas 
tomosis a mtual lmpossibiliti Thus, in these unusual types of coaictation 
the pioceduie of aoitic lesection with lestoiation of ciidilation necessitates 
the use of aoitic homogiafts in ordei to budge the lesulting defect We me 
lepoitmg two such cases (Cases 9 and II) in which lestoiation of cndilation 
through the aoita as well as thiough the left subclaMan aitery was achieved 
In emploMng a eoi responding segment of aortic aicli homoginft 

In a significant numbei of cases aneuiysms occm in the Mcnnty of the 
coarctation ansing eithei fiom the aoita itself 01 fiom the point of ongin of 
the dilated inteicostal and bionclnal aitenes In oidei to lemove the patho¬ 
logic constuction along with the seeondaiT nneunsms, homogiafts should be 
available to budge the defect 

Acquired constuctne lesions of the thoiacic aoita aie laie In general 
they tend to occui faithei along the eouise of the aoita than the usual site for 
congenital coaictations Theie appeals to be a localized aoititis lesulting in 
segmental atheiosclerosis piodueing the obliteratne piocess in the aoita The 
length and position of the piocess yanes but in the majonty of cases which 
haie lieen repoited the imohed segment measuies appi oximateh 4 to 6 cm 
in length and is located in the middle oi teinnnal thuds of the descending 
thoiacic aorta (Table II) Onh twehe such lesions Iiaie been lepoited, and 
in onh six has smgical e\])loiation been done In the tinee cases in which 
surgical excision and placement of an aoitic homoginft weie peifoimed, the 
results weie excellent We aie repoiting a fomth case of this tape in which 
there was a coaictation of the distal thoiacic aoita and llso a sepniate con- 
stuction in the tippet abdominal aoita causing obliteration of the celiac axis 
(Case S) 

The opeintne proceduie of lesection with replacement lit aoitic homo 
ginft essentially ns done foi nneunsms of the descending thoiacic aoita, may 
also be employed foi constuctne lesions A fay oi able featme of the con- 
stnctne lesions in contrast to aneuiysms is the piesence of a well dey eloped 
collateral network of ycssels ydncli pionde adequate cn dilation to the tissues 
distal to the point of tempoian cross-clamping and foi almost indefinite 
peiiods of time Thus, m these eases theie is no need for haste m completing 
the resection ind gnfting lfter the damps me applied Furthermore there 
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B „o „ece«s.tv for nsmg shunts or hvpothernna to protect total tesnes tag 
penotls of temporary oectaston Emphasts shoold be placed on complete 
return of .all major t oscular channels patalar.v the UM- 
arterv nhen .ts onpn ,s mrolretl in the ohhteratiTe process The following 
cases ot aortic resection and replacement be homogiaft for constrictive lesions 
of the aorta are presented to illustrate some of the technical featnres of this 

problem 


Table II Betoeteb Cases of Coxfctation of the Thoracic Aopta at Entseal Sites 


AUTHOR 

l 

» \GE ] 

IlYE.V 

» 

J 

SEX j 

TjOCVTTON 1 S CFG I CAL TREATMENT 

1 RESULT IS 

OPERATIVE 
\ CASES 

1 hlesmger 

15 

F 

Distal third 

.None 


tlS351« 

2 Hosier (1911' = 

40 

M 

Distal third 

None 


3 Cc»ta (i Q 30) 1 

40 

F 

Middle third 

None 


4 Hiekl 

3S 

F 

Middle third 

27one 


3 Hahn (193Ttn 

44 

M 

Distal third 

Mono 


^hKkat (1«33 \** 
6 Ohm 

20 

F 

Distal third 

Aortic resection 
without repair 

Died 5 hours 
later 

7 Bahnson et al 
1194011 

17 

F 

Middle third 

Dorsal svmpathei. 
tomv 

Slightlv 

improved 

0 Freeman et al 

14 

F 

Di=tal third 

None 


1 IOjO las 

0 Beattie, et al 
(1051)= 

10 

F 

Distal third 

Aortic resection 
homograft 

Excellent 

10 Glenn et ah 
(1052 )=" 

10 

F 

Distal third and 
upper abdominal 

Bv pass using 
splenic arterv 

Good 

11 Brock Graham 

11032 ie 

2* M 

Di=tal third aneu 
rvc-m located 
proximal to 
stenosis 

Aortic resection 
homograft 

Excellent 

12 Deterlmg (lOo") 1 

,, F 

Di-tal third 
obliterated left 
suKlavian 
arterv 

Aortic resection 
homogrnft 

Excellent 

IT Coolei DeBakev 

1 1054 1 (Case 0 ) 

3T M 

Distal third prox 
imln abdominal 

Aortic resection 
homograft 

Excellent 


case reports (constrictite LESION'S) 

Case S—E. L j 3o \ear-old ohite man was admitted to Methodist Hospital on June 
14 1°5T with n hi'ton of hvperten'ion Inown to be present «ince IQS'* He teas rejected 
for nulitan <ervtce on account of hvpertenMon but had continued to work as a botleT 
niaber On \pnl 7 HOT while at work he was seized with a sudden headache and lost 
con'cHu^ne - ^I'tolic blood pre-sure at that time 1185 more than 30(1 mm. Hg He de 
a eloped a complete left hemiplegia which graduallv improved and at the time of admts 
-ion he hail 'lumn: of speech and left hemipare'is Because of Teligious beliefs he re 
fu etl to recene a blood transfusion in ant form 

l’hiMcnl examination revealed an underdeveloped chromcallv ill appearing man who 
was apparentli emotionally unstable Blood pres-ure in the left arm was 2t>0/160 mm Hg 
and left lee 0/0 The heart was not enlarged and there vrere no murmurs although A 
va* arc.ntuntcd Moderate development of collateral vessels was present in the chest 
wa and a '"tolic bruit was audible o\er the mid thoracic spine to the left of the mid 

Ro tntu> rogram of the chest rescaled erosion of the inferior aspect of the nght ninth 
n > fhinr, d areas of calc.ficat.oa were present anterior to the lower thoracic and upper 
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Tabif IB Resections of tiif Thoracic Aorta With Replacement b\ Homocpaft ioit 

CONSTRICTHE LESIONS 


Case 

Lesion 

Etiology 

Date 

of 

Operation 


Length 

of 

Graft 

Period 

of 

Occlusion 

Result 

■ 

l 

-l 

Syphilitic 

1-5-53 

n 

15 cm 

45 mm 

Excellent 

2 

0 J 

50yr Nc$ 



Syphilitic 

6-11-53 

D 

23cm 

45mm 

Excellent 
Slight 
weakness 
in legs 

3 

TM 

58yrW($ 

t 

i 

3 

Syphilitic 

11-9-53 

1 

30cm 

77 min 

Died 

12 hours later 

Shock 

4 

EMcC 
50yr Ng 

t 

J 


Syphilitic 

11-19-53 

B 

12 cm 

38 min 

Excellent 

5 

D J 

J7yr Wg 

1 

P 

Congenital 

(Recurrent) 

12-25-53 


7 cm 

53 min 
hypotherm 

No neurologic 
sequelae 
Septicemia 
Died 

8days later 

6 

WMcC 
3lyr Wd 

t 

J 


Traumatic 

(Recurrent) 

2-5454 

1 

8 cm 

62 min 
hypotherm 

Excellent 

No neurologic 
sequelae 

7 

JB 

66yr N$ 

t 

j 

P 

Syphilitic 

3-4-54 

1 

18cm 

53min 

spmal- 

hypotherm 

Died 

6hours later 
Shock 
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w a»rther ho»ptrf^n^^»«^ t thoracotomv W8S done entering tie chest 
On June 16, Eo3, a , , T1 ,„ collateral ve«els in the chest trail tvere 

•— - - - - 



B 

Fie I"—Photograph ot ?p»cimtn in Case S showing (A) the irregular cone-shaped eon- 
ncuntlon of the constricted segment. and. in opened specimen (B) the ragged atherosclerotic 
lutn n with almost complete obstruction at the loner end 

tenJin_ over a distance of approtamnteh S cm. (Table TB1 The constriction teas sur 
rounded bv a rone of fibro«i«, scarring and multiple small collateral ves'els The sclerotic 
pre appeared to end nt the aortic hiatus where the aorta was ogam soft and of nor 
mal texture In order to gain proper access to the lesion in the lower aorta it was neces 
sari to reject a segment of the eighth rib and enter the pleural cavitv at that level The 
const noted segment of aorta nos then excised between clamps and the resulting defect 
wn- ml,. 1 with a segment of aortic homograft preserved in modified Tvrode’s"solution 
tm Kming o rm in length. 

Hi rienters wa« complicated hs emotional m«tabihtv and mental confusion Epon 
discharge from hospital on tune 25, 1“'.3, there were pulses in the femoral artenes which 
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n-erc palpable but not xery forceful Blood pressure in the amis wns ISO/110 ram Hg 
and in the legs was 1G0/120 

The specimen measured about 0 cm m length and contained heaxily- calcified 
atherosclerotic plaques (Fig 10 ) Near the distal end the orifice was about 3 mm in di 
nmeter The tissue at the margins of the specimen appeared normal m texture and the 
arteriosclerotic process ended nbrupth During the ensuing months which he spent at 
home, the emotional instability and mental confusion referable to the previous stroke mi 
proxed somexx hat On Oct 20, 1053 he xxns readmitted to the hospital Blood pressure in 
the left arm xxns 100/110 and in the left leg 110/00 Pulses in the legs were weak 



A 


Fig 20 —d and /' Aortogram amt explanatory diagram In Case 8 made four months 
nftcr first operation slioxx Inf, graft In plnce ami second constriction lnxolxlng the proximal 
abdominal aorta 

Retrograde aortography rixcnled a constriction in the proximal portion of the ah 
dominnl aorta just nboxe the superior mesenteric and renal arteries and occluding the 
celiac axis (tig 201 The prexiouslx inserted thoracit homogrnft rexenled no cxidence of 
dilatation 

On Oct 2h 1<>53 a left posterolateral thoracotomy yeas done through the ninth inter 
space The diaphragm yvns detached posteriorly and the left crus of the diaphragm and 
the aortic hmtu« xxiri opened In the proximnl abdominal aorta there was an occlusion 
sinulnr to the one preyioush n«ectcd in the terminal thoracic aortn (Table IB) The 
abdominal occlusion yyhich yyns arteriosclerotic and calcified, measured about 2 G cm in 
kngth and obliterntid the origin of the celiac axis yyhicli yyas rt presented In a fibrous cord 
(Tnble IB) 
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The previous graft was exposed and its terminal portion was mobilized and excised 
alone with the segment containing the constriction A lvophilized homograft, approx 
lmatelv 5 cm in length was inserted to bridge the defect between the graft in the thoracic 
aorta proximallv and the abdominal aorta distallv (Fig 21) The graft, which had been 
in place for four months was m good condition. 

His postoperative convalescence was smoother than after the first operation, and he 
was discharged from the hospital in good condition on Oct 26, 1 Q 53 

When last examined on Feb 15 1654, blood pressure in the nght arm was 140/90 mm 
nght leg 170/100 Pulses m the lower extremities were full and bounding and he was 
entire!' free of headaches 



( oinmrnl —This case lesembles othei-s which hate been pievioush le- 

) 10r , the thoiacic aorta m noting patients is obliteiated bt an ar- 

UmsUetiittc pnieess confined to a localized segment of aorta usuallv in the 
He tiul distal tlmds It is unique m that there was a slioit 1 slap area” 
w aortic lint us m the diapln agm t\ hei e the norta tt as umm olt ed although 

. elute ^ " ° 11S " U tl0n "" ° h me the 1,1 ox,,naI abdominal aorta The 

hnc aMs " as ‘hionienlU oblitented br this httei nioeess nnri m,i i 
IilMou <11 tin, ,col h,,l piodueod no ill cftoti ‘ '™ d 

Tht <r...n,l .., „„ {m exam]lnt ,„„ 

'™' lour „,„„, hs p,„rr Am, z 
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teiimnal end of tlie graft yyas mobilized, it was occluded and the lowei end 
was amputated foi histologic study and will be leported elsewheie Grossly 
the giaft was supple and elastic, and the mtimal suiface was smooth and 
glistening Anastomosis to the lowei end of the giaft was satisfactory, and 
the sutnies had no tendency to teai out Because of the patient’s religious 
comictions, no blood ti ausfusions were giien dm mg eitliei opeiation, and 
blood substitutes were unnecessaii 

C \se 9—S S, a wlute boy, aged 12 vears, was admitted to Methodist Hospital on Aug 
13, 1951, with mild cramps in Ins legs usualh occurring at mglit Sex oral months prior to 
admission, while swimming, he dex eloped sex ere prccordial pain lasting sex era! minutes 
Except for these symptoms Ins course aud dexclopmcnt were uncomplicated 

Physical examination revealed a well dex eloped healthy bo\ Blood pressure in the 
right arm was 155/90 mm Hg, left arm 110/90, and in the legs was unobtainable Eight 
brachial and both carotid pulses were norma), but no pulses were palpable in the left 
arm or either leg There was n systolic murmur best heard over the base of the heart 
and transmitted upward into the x essels of the neck A bruit was audible in the inter 
scapular region, and there were \isvble and palpable collateral arteries in the superficial 
muscles of the bach 

Eoentgenograms of the chest revealed in the left upper mediastinum in the position 
usualh represented bj an aortic knob a lobulnted mass which under fluoroscopy did not 
pulsate (Fig 22) A retrograde aortogram rex ealed a narrowing of the norta distal to 
the left common carotid arterv, and be\ond this area was a lobulnted aneurvsmnl mass 
filling completeh with contrast medium (Fig 23) 

On Aug 17, 1953, exploratorv left posterolnteral thoracotomi was performed, and the 
coarctation and nneurvsm were exposed (Table IB) The sne was exceeding]} thin nailed 
on its lateral surface and the left subclavian arten originated on the posterior surface 
of the aneurism about 4 cm distal to the coarctation (Fig 24) The aorta was clamped 
proximnl to the coarctation and distal to the nncurxsm, and the subclaxian arten was oc 
eluded separately The abnormal segment of norta xxns excised and a segment of ho 
philizcd homogrnft of aortic arch was used to bridge the defect restoring not only aortic 
but also subclavian arterial continuity (Fig 25) Tho aortic anastomoses yvero completed 
first and while blood was circulating through the aortic portion of the graft, the sub 
clar inn nnnstomosis was completed 

His postoperatii e course was uncomplicated, and he xvas discharged from the hospital 
eight dnys later When Inst examined si\ month'' later, there were excellent pulses in all 
extremities Blood pressure in the right arm was 120/60 mm Hg, left arm 100/60, left 
leg 130/70 

Comment —Aoitic leconstiuction m tins case was ten satisfactoij in 
that not only was untie continuity icstoml but tlso noimal (itdilation to 
the left subelaxian arteiv y\ns obtained Theutoie no niapu yasculai tiiliu 
taiy y\ as nnneccssnily interrupted 

C \SE 10—\ T, a 20 vear old while man, was admitted to the Methodist Hospital on 
Sept 13, 1933 with a diagnosis of coarctation of the aorta At the age of 17, hypertension 
yvns discorertd but he had experienced no symptoms referable to the lesion 

Physical examination rextnlul an extremely yyell de\eloped, muscular mdixidual in 
nppnrint excellent health Blood pressure in both arms was 190/110 min Hg, nnd in the 
lower extremities the blood pressure and pulses wire unobtainable A «oft systolic murmur 
yras present oyer the base of the heart nnd posteriorly n bruit wns audible in the inter 
scapular region I nrge collateral vessels yycre palpable in the chest wall 
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Fur ;i —Photograph made at second operation In Case S showing homograft In place. 
Proxlmalh the graft Is sutured to lower end of another graft Inserted four months prerlouslv 
and dlstnll' graft Is sutured to abdominal aorta just nbo\e superior mesenteric arterv 
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Roentgenograms of the chest retealed erosion of the inferior margins of mam of 
the ribs on both sides, and the aortic knob was small 

On ‘sept 15, 1953, a left posterolateral thorncotonn was performed, and a long narrow 
coarctation distal to the lex el of the left subcla\ian arterx- was demonstrated measuring 
3 to 4 cm in length and originating distal to the left subclaxian arterx (Table IB) There 
was an aneurism about 3 cm in diameter near the site of coarctation and three other 
0 5 cm aneurisms associated with intercostal and bronchial arteries The segment con 
taming the aneurisms nas resected, and the 4 cm aortic defect was bridged with a lio 
plnlized aortic homograft 



FIc —Retroernde nortoprnm in Cnse a ahou lnp coarctation of nortn with lobulated 
aneurism distal to the constriction and anomalous origin of left pubclailan nrtcrj 


IIi« po'toperntu t progress nas smooth and he was discharged from the ho«pitnl in 
excillcnt condition spien dais later When last examined on Ian 14, 1054, the blood pres 
sure in the right arm nas 140/00 mm Hg right leg 170/100 mm Hg, nnd roentgenogram 
of the chist shomd n normal configuration of the superior mediastinum 

C\si n—i H j n 30\enr-old xxlnte male carpenter, wns admitted to Methodist Ho« 
pitnl on Oi t 25 F'53 \ diagnosis of coarctation of the aorta wa» made in 1945 while the 

pntlent nas on netixe dutx xxith the Nan but he had experienced no sxmptoms until the 
recent sudden onset of s e \cre headache associated with xomitmg nnd blurring of MSion 
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region 
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Lie 21—Photoeraph made at operation In Caee q •’'b 0 i-" l"h ll il< i nnennsm of aorta 
nlth dtserndinir thoracic aorta evienuine to left- At 1 i lib ° i posterior a*tpect of 
tnt un °m anti Urectetl toward rlphl In photoeraph 1* 1 I I * L avian arteo 

He -s—Photojmph made at operation In Care 1 showine aortic arch homograft in 
I lac* afar r section of coarctation ami aneurism Circulation in left subclncian arterv ha = 
lion rc tored b\ anastomosis with corresponding cessel on praft- 

Roentgenograms of the chest repealed the heart to he of norma] cize with absence of 
the norma] aortic Lnob (Fig 20.) There was deep notching of the undersurfaces of the 
nil' mo t pronounced on the right side 

lift thoracotomc ita° performed on Oct 27 lh5A and a coarctation of the aorta 
A cm long commencing ju*t di«tnl to the left common carotid arterv was identified (Table 
IB) Th< ri -acre two large eescels of almost equal size originating in the constricted zone 
one of which was probable an anomalous vertebral arterv and the other the left subclavian 
artere Th« anomalous segment of aorta was resected and a hophilized aortic homo<waft 
m* ms, rtt.l in the defect Y graft of nortic anh was utilized including the left common 
carotid an 1 left 'uVlaenn arteries and In this means ,t mas posable not onh to restore 
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aortic continuitx but also to connect the two largo arterial trunks to the graft (Fig 27) 
Upon completion of the aortic anastomoses, aortic circulation was permitted through the 
graft while the anastomoses of the lesser \ easels were done 

His postoperative recox era was unexentful, and he was discharged from the hospital 
nine dajs later He was examined fi\e months after operation, at which time he was 
nsvmptomntic and nas again working as a carpenter Pulses m all extremities were strong 
and the blood pressure in the right arm was 150/90 mm Hg, left arm 120/90, and left leg 
130/100 






Fit 20—Rointgcnogram of client made in Case 11 thoulng absence of aortic knob In *uj>erior 
mediastinum anti erosion of undersurfaces of ribs most striking In right hemothorax 


Comment —This case is somewhat similai to anothei which was pienouslv 
lepoitecl bx Blalock' in which the subektxtan aiteix was dmded and end- 
to end anastomosis was possible In om case the length of the coaictation 
piecluded end to end anastomosis The method of lepnii used in om case 
pioxided an ideal functional result 

CtSE 12—T O G, n 29\enro!d white wonmn, was admitted to Methodist Hospital 
on March 25 1954, with a historx of livpertension for the past five xears She had been 
n«\ iuptomntic except for occasional pounding sensations in the blood xessels of the neck 
Physical examination rexenled blood pressure of 1G0/P0 in the right arm, 1G0/110 in the 
left arm, and 0/0 in the right leg The pulses in the arms were equal bilnternll}, but no 
puUes were palpable in the loner extremities The aortic second sound wns markedlx nc 
cintunUd, and a sxstobc bruit was heard in the scapular region posteriorlx Collnternl 
arterial pulsations ncre palpable in the chest wall 

Roentgenograms of the eliC't rexenled mild cardiac enlargement with nbsence of 
the inrdinc knob and notching of the undersurface of the ribs bilnteralh 

On Mnreh 20, 1°">4 at thorncotomx the coarctation wns demonstrated to begin just 
distal to thi lift subclne inn nrterx and extend for n distance of approximate!} 3 5 cm 
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mu Hg, left arm 146/00, right leg 150/110 



FIr 27—Photograph made at operation In Case 11 showing on left the elongated seg¬ 
ment of coarctation and two large arteries presumablj the left \ertebral and subclatfan 
arteries arising In constricted zone. Photograph In Inset shows nortlc arch homograft in 
plnce and lift \ertebral and subcla\ lan arteries anastomosed to stumps of left common carotid 
and subclailan arteries on graft respectl\el> 


SUMMARY 

1 or fusifoim aneunsms and constnctive lesions of the descending thoiacic 
aorta, resection of an extensive segment of aorta may he necessary making 
end to end anastomosis impossible In such cases restoration of aortic circu¬ 
lation urn be achieved be insertion of ! asculai homografts This method of 
therapi w as emploced in twelce thoracic aortic resections, seven of w Inch 
v ere done foi aneun sin and five foi constrictive lesions 

The degree of ischemic damage to the spinal cord occurring dining periods 
of temporal! aortic occlusion is influenced by a number of factors, including 
the duration of occlusion extent and location of the lesion, and extent to 
winch collateral circulation exists In constnctne lesions the collateral circu¬ 
lation is usnalh well dec eloped and temporal-! aortic occlusion ma! be tol¬ 
erated for indefinite periods In aneurysms how ei er, lvhere collateral eircu- 
1 itmn is poorli deseloped successful peiformance of aortic resection depends 
upon precaution of ischemic damage to the spinal cord during temporary 
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aoitic cioss clamping Two cases of aneuivsm aie lepoited m winch geneial 
both hj-pothermia was employed, and anothei in which local spinal cooling 
was used to present postoperatne paiaplegia Other means of 1 educing this 
ha7aid aie concerned with the techiucal pioeeduie itself 

In eonstrictne lesions, wheie theie is no haste m lestoiation of aoitic 
flow, emphasis is placed upon pi eeise i econsti uction of all majoi i asculai 
channels bt homogiaft One ease of acquned coaietation of the aoita is re 
poited in which constrictions occuned in the low r ei thoiacie aoita and in the 
piOMmal abdominal aoita Good lesults weie obtained aftei tw r o homogiafts 
wcie nisei ted to ieplace the diseased segment of aoita 

Addendum —Since the preparation of this manuscript, 9 additional cases hn\e been per 
formed, 5 of which were done for aneur\sms and 4 for eonstrictne lesions All of these pn 
tients reioierid, making a total of 21 cases with 3 deaths (14 3 per cent) Of pnrticulnr in 
terest is the fact that two of the additional patients hnd nneurjsms involving the distal part 
of the nortic arch similar to that described m Case 6 In both of these pntients the resection 
and graft replacement was done under general hypothermia as described in Case 6 The prox 
mini occluding clnmp was applied just distal to the left common carotid nrten in each for 
periods of 58 and 50 minutes, respectneh Both have completeh recovered with no eudeme 
of lschemn damage to the spinal < ord or other viscera 
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Discussion 


( P XPERS BY &TKA\AH\N, ALEEV, SEWELL, AND KANSEL, A\D COOLEX AND DeBaKEV) 

DR CONRAD R LAM, Detroit, Mich —I wish to compliment the essayists of the 
last tno papers for their \err excellent application of these rather new surgical principles 
It certninlx requires a great deal of patience and courage This operative work also re 
quires a supph of liomografts, and I should like to mention a method we ha\e used for 
graft sterilization 

Me haxe used a chemical named bctapropiolaetone^ for sterilization of plnsma and 
blood Obser\ntion of such a sterilized graft implanted in an animal for two months 
“lions that the graft has a perfectly normal appearance Me hn\e obserxed other grafts 
o\er a period of two xears The hemotoxxhn and eosin stain shows the graft almost in 
distinguishable from the host M ith trichrome stain, we see the graft side with the mtimal 
thickening and, on the host side, we see the more normal media without mtimal thickening 
In a greath enlarged \ lew of the normal for comparison, one notes that the muscular 
tissue has disappeared, leaxing only the elastic tissue This is quite topical of a perfectly 
functioning homologous graft 

Mx general surgical colleague Dr Szilagxi, has used sixteen of these sterilized grafts 
m human cases He has replaced the bifurcation of the aorta four times, the common iliac 
twice and the femoral artery ten times All of these grafts hn\e appeared to seme their 
purpose well Tho longest follow up period is six months 

DR CHARLES P BAILEY, Philadelphia, Pa—I would like to present a case which 
mnx open up another field for surgery of aneurjsms Recent]) we operated on a patient 
with a large xentricular aneurism which extended npparenth from the apex of the left 
xentncle to the bifurcation of the left coronan artery The anterior descending branch 
was obliterated In the occlusion, producing the infarction which was the cause of this 
aneurism As l ou know, ventricular aneurisms nearli alwa.is are caused by infarction 
and are said to occur in about 15 per cent of all acute coronari occlusions Because patho 
logic studi of these lesions indicates that these aneurisms hai e icn tough fibrotic bases, 
and since tliei rupture at the fundus rather than at the base, we thought it would be safe 
to put a clamp across the base of the aneurism, cut it off, and oi ersew it The largest 
clamp we had the double length Satinski clamp, onli extended across about two thirds 
of the aneurism so we placed large sutures in continuous mattress fashion, through the 
base of the sac from one extrenuti of the lentncle to the other Then bi traction on 
the extremities of the sutures the loops became straightened out and pulled the entire 
base together in n straight line Then we placed another row of interrupted mattress 
sutures Finnlli the sac was amputated and the cut edges were oi ersewn with a third 
row of sutures which we thought would be good for reinforcement There were clots m 
this region although near the apex of the xentricle there were none 

Actunlh this is not the first such operation Dr Robert (Boxer performed a similar 
operation almost one 'ear ago, and I am sure it would hnvo been successful except that tho 
pnticnt bled to death from a gastric ulcer sex era! dais after surgerx It appeared good 
at nutops\ Then max have been other similar cases of which I am not aware Of course 
wi know about the work of Dr» Murrax, Allen, and Beal in the experimental resection 
of infants, which xvns fundamental to this concept Thex were attempting to operate on 
mutt infarctions of the heart, hoxvexer, xvlucli I think would be much more risky 

This patient, who preoperatixelx had heart failure, shortness of breath, and gallop 
rhx thin that tould not be relit xcd medicnllx, on the operating table dot eloped n higher 
blond pn«sure and better cardiac action as soon as this pnrndoxicnllx dilating aneurxsm 
i\ns nmoxtd He has had no gnllop rhxtlim and no dxspnea «ince the operation I think 
that this technique might be applied rather gencrallx in tho«e patients who doxclop ancu 

•Olitxlne,! from the 15 F Foodrich Research Laboratories Rrecksxllle Ohio 
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rs . nls following myocardial infarction if thev show evidence mdiogmplucnlh of prog e. 

e enlargement and impending rupture or present severe disnbiliU The pnthologv w u 
c e em to indicate that the sutures will hold well and this clinical experience suggests that 
thei mn\ become greatlv improved. 


I)R HENRY T BAHXSOX, Baltimore Alarvland—I enjoved both these presentn 
hons and have onlv one point I would like to make that is that a graft i« not nlwavs 
reumrod Svphilis and trauma usuallv cause localized aneurisms and frequentlv one mnv 
perform an aortorrhaphv without the use of a graft. We have required a shunt and a 
craft m onlv one of the sixteen thoracic aneurvsms that we have treated surgically this 
one was treated unsuccessfully however Certamlv the contributions which have been 
made in the form of shunts and hypothermia will add to the safety of inserting grafts 
I think the principle of a lateral aortorrhaphi is valid particularly with traumatic nneu 
nsms, because in order for a patient to survive a traumatic aneurism the tear almost has 
to he a fairh limited one The two shown here occurred in the typical position for a trau 
niatic aneurism The common cause at present is an automobile accident and not alivnis 
with the split pea and walnut syndrome 


HR TAAIES FIXXERTY New York, X A' —I would like to make a comment about 
the importance of maintaining collateral circulation in coarctation of the aorta Two vears 
ago we had the unfortunate experience of resecting the coarctation in a patient who had 
an innominate arterv that originated from the distal aorta immediately bevond the coarcta¬ 
tion and, not having recognized this anomalv preoperativ elv, in order to gam strength 
we divided the innominate arterv This patient postoporatiYelv had ft transient left hemi 
plegin nbsent pulse in the right arm and absent right carotid pulse The left hemiplegia 
cleared, but the patient was left with persistent paraplegia I think if we benT this in 
mind we might occasional!! avoid this complication 

One aneurism of the ascending aorta was present in a rather unusual position, nnwelv 
on the left side The nngiogram fniled to show increased opacification of the aneun sni 
At operation it was possible to do a lateral nnenrvsmorrhnphv, as suggested bv Hr Bnhn 
'on and the patient 1ms done well ones 


LT AA ILLIVAI H. SEAYELL (Closing; —The decision to use a heterograft m the first 
case was based largeh on some work done at the Xaial Aredicnl Research Institute at 
Bethe«dn 

studies were carried out in which aqueous extracts were made of both fresh and 
freeze dried arteries Babbits were immunized with the'e extracts and later were chal 
longed with the «ame antigens All the rabbits that uere immunized with the fresh ex 
tract and challenged with the same one showed n positive precipitin test those that were 
immunized with the extract of the freeze dried arterv and challenged with thnt showed 
no precipitins The ones in which one extract was used as immunizing antigen and the 
other for the challenge and vice versa showed a positive precipitin in some of the animals 
A\e concluded that these findings nmv well explain the fact that there was less foreign 
>otfv nnction in the freeze dried prnftc than thire wn^ in the fre^h in our series There 
un« loss f.hros.s around tin freeze dried grafts Thei lost elasticitv more rnpidli hut 
non tided off, whereas the fresh grafts continued to lose it for n long period of time, 
nml ended up much less elastic 

In the freeze dried graft* the muscle degeneration occurs much more rapidlv than 

in t e res and replacement In fibroblasts also occurs more rapullv and is more nearly 
complete 


Tlit difference between the fnsh and freeze dried homografts was not verv great 

of theTl a '''r 0 "? 0 ' ll0,TC ' er tran 'P ,a «<^ tW P>g to the abdominal aorta 

Jnft Tins' uT t ! ° r ' CU , U ? C ° 0d Rr °' cU 18 tll0se of the **«!» homo 

a fr si i n much better remit tlmn would be obtained if we s lmph (ook 

^b al!r ,0°^ T “ P, f nD<5 I,Ut 11 lnt ° <hP d °* th«t heterograftfare xS 

b homografts, and the nnson it was us 0 a uns because the man s aorta above 
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mid below tlie nneurvsm was so dilated that it mis impossible to fit it with a homograft 
The graft was taken from two cubes, and even so it was smaller than the aorta, but it 
was a much closer fit than could ha\e been obtained with a human \essel The calf aorta 
is two to three times the diameter of the human aorta 

I think that plastic cloth would be satisfacton for most tvpes of aortic grafting, 
but in an area where there are large branches coming off, I suspect that the turbulence 
which would occur would give propagation of the thrombus lining the inside of the cloth 
and probabh would cause trouble 

DR Ar E DEBAKEY (Closing) —I should like to express our appreciation to the 
men who have discussed this paper With reference to a point made bv Dr Bahnson Te 
gnrding lateral nortorrhaphv, we too are convinced that it is often the procedure of choice 
That is particularly true in syphilitic aneurisms where there is a relatively small sacciform 
tv pe of aneurism This procedure, as Dr Bahnson and those interested in it know quite 
well, was first developed by Dr Tufher more than fiftv vears ago, and the principles of 
the operation were clenrlv described bv him although he himself wns neyer successful in 
npplving it 

So far as heterologous grafts are concerned, our experimental obseryations lead us 
to feel that thev are not as satisfacton as homografts, to the extent that we would be 
verv hesitant to use a heterograft in a human patient So far as the procedure of shunts 
is concerned, we realize that this mav have definite application in the resection of the 
arch where the carotids and innominate arterv mav have to be occluded for a significant 
period of time The success we had with the first patient, however, on whom we reported 
about a v ear ago, in resecting an aneurism of the descending thoracic aorta without the 
use of a shunt, made us feel that to introduce this procedure would complicate the opern 
tion if it was not absoluteiv essential For this reason we are inclined to feel that in the 
resection of aneurisms involving the descending thoracic aorta up to the level of the sub 
clavinn, with the use of livpothermin of moderate degree, and the expedition of the opera 
tion so thnt the occlusion time is not bevond an hour, it is possible to do this operation 
quite succcssfullv without the use of shunts and without complications 

Finallv one point I would like to make is with regard to the ultimate fate of homo 
grafts Dr Gross, ns v ou know, has had an extensile experience with the use of grafts 
for a longer period, perhaps, than anv one else, and has found that thev have stood up well, 
certainlv for five or six vears We have had the fortunate opportunitv to exciso pieces 
of graft after vnrvmg periods up to one v ear, and the studv of these grafts has shown 
thnt thev behave verv much ns experimental observations would indicate that thev would 
behnve, and at the end of one venr their architectural structure is still functionnllv satis 
factors For tins reason we are inclined to believe thev will provide satisfactorv results 
for a much longer time 



THE ARTERIAL OXYGEN TENSION AFTER RESECTION'WITH 
SIMULTANEOUS OSTEOPLASTIC THORACOPLASTY 

Yikxs-g Olo\ Bjokk, 1ID , axb Franco Scrosoppi, MD 
Stockholm. Ssvedex 


rpHE aim of treatment foi pulmouaiv tuberculosis is to achieve persistent 
1 negatiie guinea pig tests of the sputum and gastric washings with a 
maximum presen ation of pulmonary function To achieie this lesult, a com¬ 
bination of antimicrobial therapy, bed rest resection, and thoracoplasty must 
be used The treatment must be individualized for the cases with pulmonary 
tuberculosis In a large group of cases however, it is obvious that all four 
therapeutic measures must be utibzed In this group we considei a resection 
with simultaneous osteoplastic thoiacoplastv the treatment of choice 

A prelinunan thoracoplasty with secondary resection has several disad- 
% antages 

1 When the patient recoiers fioni the first operation he has to look foi- 
u ard to a second major one 

2 The danger of spiead is gieater after a thoiacoplastv than after a le- 
section 

1 The hospitalization of the patient is pi olonged from three to six months 

4 Tt is more difficult to model the chest m the desired size at a second 
operation 

The onh adioutage with the two-stage pioceduie was that theie ivas no 
paradoxical movement at the second operation The resection was therefore 
considered safer when the thoiacoplasti had already been performed 

The new osteoplastic thoracoplasty according to Bjoi k 1 - can be made 
in am desned size and wall make a stable roof for the thorax when the resec¬ 
tion is completed As the paradoxical movements are excluded the patients 
will stand this combined procedme sere well In the first one hundred cases 
of resections with simultaneous osteoplastic thoracoplasty, only one was lost 2 
Tbe operation is onh prolonged hi thirty to foiti-fhc minutes The patients 
need hosseser three or four extra blood transfusions, as usually 1,500 to 2,000 
ml of bloods fluid is drained off duiing the first forts-eight postoperatis e 
hours In tins paper we intend to shosi the aitenal oxygen tension m the post¬ 
operatis e course after resections ssith simultaneous osteoplastic thoracoplasty 
ns compared to resection under a preliminary thoracoplasty 


material 


Thirts conseeutise patients ssith pulmonars tubeiculosis undergoing re 
spoiK>11 " ,th sinn, ltnneous osteoplastic thoiacoplastv were msestigated (Group 

Tl,r workn« mT, 1 SurKoon >" Chief C Crafoord MD. Profe^or 

R-Ued for publication ^ " ,OC,nt,on Tubercu)o t l, 
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IOC 

I) Pot companson, twentj-nine patients -with pulmonarj tubeiculosis with 
a piehminaiy thoiacoplasta weie investigated when nndeigoing resection at 
a second stage (Group II) 


METHOD 

With an indwelling needle in the femoial aitery, a blood sample was 
taken at lest aftei the patient had been hvpeiventilating as much as possible 
foi about twenty-five seconds Oxigen and caibon dioxide tensions (p0 2 and 
pC0 2 ) m the aiteiial blood weie deteimined accoidmg to Riley, Pioemmei, 
and Pianke 7 wuth a slight modification The saline or salme-Dreft solution 
lias been omitted for washing the capillaiv The sodium hjdioxide solution 
is applied foi both the capillan washing and the simultaneous caibon dioxide 
combining, theiebv eliminating one souice of enoi 3 Tins im estigation w'as 
Jieifoi med befoie opoiation and at mtenals dining the postopeinti\ e period 


Oxygen tension 
at rest (mm. Hg) 


Increato in oxygen 
tension during hyper¬ 
ventilation (iron Hg) 



Resection under old thoracoplasty 


Hi I —Tin two i ur\i •< for nxtlnn arterial ovjncn tmslon are on the whole paralld 
win til r tin rilection la iloni with nlniultaneoui o«teoplnatlc thoracoplaatj or under an old 
IhoracoplnWi 


RESULTS 

The im estigation has shown a decrease of the lesimg arterial oxi gen ten¬ 
sion during the postoperntne couise of the sime magnitude in the two groups 
(Tabic I Table IT and Tig 1) Thus the two cunes for resting arterial oxj- 
gen tension aie on the whole parallel, whether the resection is done with si 
imvltaneous osteoplastic thoraeoplaslc or under an old thoracoplnstv Nor 
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bn, .t be» possible to see onv s.gmlicont Merence h,,.1» ^ 

arterial oxygen tension during voluntary hyperventilation (Table I, Tabl , 

and Fig 1) 


DISCUSSION 

The stable roof of the thoiax obtained bv the osteoplastic thoiaeoplastr 
will exclude paradoxical respuation and facilitate an effective cough Thus 
no more cases of atelectasis are found if this thoracoplasty is added at the 
same time as a leseetion as compaied to the group of resections under pn- 
man thoi acoplasties 

The investigation of the lestmg aitenal oxv gen tension during the post¬ 
operative period has eonfunied the clinical nnpiession that the osteoplastic 
thoiaeoplastv is a phvsiologie operation that can be added to a leseetion vhen 
indicated without hesitation fioni a functional point of new 


Tcble I Resection With Osteoplastic Thoracoplastv 



DUS ATTEP OPERATION' 


i a 


4 6 


10 12 I 13 15 


16 30 


Teslinn Oxygen Tension (mm Tig) 

Xumlier of en^e" 30 15 14 15 11 19 S 

Moan vilui SO 1 ± 1 0 66 S + 2 3 710 + 2 1 75 0±10 S2 4 + 13 S21+14 S2 7±2 0 

Sf indard deviation 56 SO 7S 75 43 60 5 S 

Increase in Oxuocn Tension (mm Ug) During Syperrenlilntion 
Xumlier of en«es 20 14 13 15 10 19 $ 

Mem value 30±13 -1 0 ± 1 7 ^3 7 ± 1 9 +11 ±1 6 -0 3 ±1 7 t2 S ±1 3. +2 0 ±3 1 

Standard dentition 67 65 67 62 54 53 SS 


Table II Resection Undet Oli> Thoracoplasty 


j BEFOPE | 

1 OPERA | 

TION 

j D\YS \FTEF OPERATION 

! 13 j 46 | 

7 9 1 10 12 | 

13 15 ] 16 30 


Teshnn Oxunen Tension 

(mm Do) 


INuniltcr of 

31 

6 5 

7 4 

17 6 

Mean r due 

^0 2± 1 o 

61 4 ±5.2 70 7±3 1 

63 5 + 30 74 2 ± 1 0 7 

6 3 + 22 76 0 + 3O 

Mnnd ml ikvi*ition 

10 5 

12 S 60 

SO 10 

SO q 5 

Jncrrnsf 

in Oryatn Tension (mm Tin) Dunnn TTyperrentilal 

ton 

of 

31 

C 5 

7 4 

17 6 

Mt-m \Mu» 

2 S ± 1 o 

-1 4±1 7 -33 + 32 

-2 2-“-24 +0 ° + ° 3 a 

0 3+23 -23 +1 3 

ml ilcvintion 

S.2 

4 3 72 

6 3 4 6 

96 3 1 


V patient s alnlitv to increase the arterial oxv gen tension during volun- 
t u \ In pet ventilation in the immediate postopeiutive penod null partially de¬ 
le ml mi tin pain The increase of oxv gen tension dnnng hyperventilation in 
patients undergoing leseetion with osteoplastic thoiaeoplastvhas not been less 
th in m easts with resection unelci old thoi acoplasties Fe believe this con- 
hrms tlu • bnn al impression tint the patients vnth the combined operation 
tnv t no more pnm th in patients with the tvv o stage procedure 


SUVIVI VR\ 


Tlu irtenal oxv gen tension at rest and during voluntnrv hvperventila- 
1 ,ns b,,n ,m ^ated durincr the earlv postoperative course m thirty pa- 
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tients undergoing lcsection mth simultaneous osteoplastic thoiacoplasty The 
lesults hate shoi\n this to be a ivell-toleiated pioeeduie and that there is no 
leason fiom a functional point of vieyy to peifoim lesection with thoiacoplast) 
in two stages 
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THE CLINICOPATHOLOGIC SIGNIFICANCE OP THE 
DEMONSTRATION OP YL4BLE TUBERCLE 
BACILLI IN RESECTED LESIONS 

OMnrt Auerbach, MD,E vsi Oringe, N J Gladys L Hobby, PhD (bi 
IMITATION), BROOKLYN, N \ , MAURICE J Sm ALL, MD (by invitation) , 
Esst Oringe, N J, Tijlita P Lenert, B S (nv imitation), Brooklyn, 

N \ , and John V Comer, IID (by imitation), Evst Orange, N J 

r^NE jeai ago, O’Buen and associates 1 piescnted befoie tins Association 
, a report on the chaos legal ding the le section of lesidual caseous lesions fol¬ 
low mg chemothei apy These authors concluded that too many necrotic lesions 
u ei e i csected They also stated that some im estigators m ere raising the ques¬ 
tion as to Mhetlici closed lesions should be lesected 

The great Male of resectional smgeiy in tubeicnlosis may be attributed 
to se\ oral factors (1) As a tesnlt of prolonged chemothei apy m cases of 
pulmonary tubeiculosis soon aftei its ongm, the disease undergoes extensive 
esolution, and the piocess is limited to a portion of a lobe oi hum (2) As 
lCMi of technical advances m thoiacic smgeiy, portions of the*tang can 
he lomovcd Mith much gieatei fneihti g can 

, “E 01 ”-7', "" Tet«i„i R Adnunistmtioji ltap.,,1, St m- 

I'a" ■ 0 uL 1C1 T Kl ’ , ' M 110 ixo'oxsoa »» ot stieptomycm and 
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Subsequent to these lepoits, neciotic foci of 1 mm 01 moie u r eie lcmoved 
from the lungs of many patients who leceived chemotheiapy foi vaiying pe 
nods of trme 

D’Esopo and co voikeis 4 have demonstrated that the tubeicle bacilli 
piesent m the neciotic foci after long-teim chemotherapy in most instances 
cannot be eultnated m ratio by standaid microbiologic techniques Medlai 
and associates 1 ' obtained positne cultnies in only 7 pei cent of the closed le 
sions fiom the same institution Steenken and Wolinsky, 0 vho utilized moie 
vaned and speciabzed pioceduies foi the pm pose, continued this obsenation 
Steele' has published analogous obsei rations Similai bactenologic findings 
have been lepoited by Gianvdle and associates 8 In a gioup of 12 patients 
who leceived stieptomycin and PAS (all but 2 leceived stieptomvein 1 Gin 
daily foi a penod of fiom 21 dais to 493 days) and m whom the canties 
closed, they found viable tubeicle bacilli m only 2 of the 12 leseeted tissues 
The piesenee, hovevei, of nuliaiv and eonglomeiate tubeicles outside the cap 
sule of the nodulai caseous lesions suggested to these authois that theie weie 
viable organisms in these lesions The conclusion has been leached that these 
organisms “behave as if they weie dead 

Thus two extiemely impoitant questions arise m lelation to excisional 
suigeiv (1) Ale all neciotic foci potentially dangeious? (2) Aie viable 
tubeicle bacilli piesent within the neeiotic foci? 

The necrotic foci piesent aftei long-teim chemotheiapy aie of two tApcs 
which, although tliev may be distinguished micioscopicallj, aie not nivals 
sepainblc on gioss examination It is oui opinion that, although these foci 
lescmblc each othei closelv thev hold diftcient potential dnngei’s The hrsl 
is the neciotic focus which has nevei undeigone liquefaction, the second lcp 
lesents a tubeiculous cavntv in which the lumen Ins been obliteiated bv an 
lnspissation of its neciotic fiagments 

In both Ivpcs the piocess begins ns a tubeiculous pneumonia which soon 
undeigoes neciosis Generally, the smallei the ouginnl aiea of tubeiculous 
pneumonia, the gieatei is the oppoitunitj foi healing and encapsulation to 
develop Canty formation m neciotic foci less than 1 cm m diamctei is ex 
tiemelv infiequent, and occuuence in foci less than 3 mm is laic indeed Not 
all of the bugei necrotic foci on the othei hand, undci go liquefaction and 
enntation 

In the development of encapsulated caseous foci, the /one of tubeiculous 
pneumonia undeigoes neciosis, and a zone of ginnulation tissue enciicles d 
completely The elastic fiamcvoih m the neciotic tissue lemains intact since 
the original piocess was that of a tubeiculous pneumonia in which there was 
no dissolution as a lesult of liquefaction As healing progiesses, the enco¬ 
ding zone of granulation tissue is giaduallv tiansfoimed into lnalinized con¬ 
nective tissue, the contiacting capsule lcsults m i deeiease in the size ol tin 
cential neeiotic aiea It has been oui expciicnce that these foci do not com¬ 
municate with bronchi because the capsule mound the necrosis is complete 
and delimits it from the sunounding lung tissue We have had the oppor- 
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tumtv in tins senes to senal-section many suet necrotic foci of various size 
In no single instance have we observed a bronchus communicating with the 

necrotic mass , , 

We believe that the necrotic foci which have never liquefied and ha 

subseqncnth become encapsulated are not a potential somce of dangei The 
icnson for this is twofold (1) they do not communicate with bronchi, and 
(2) thej do not subsequently undeigo liquefaction, but become progressive!! 

turner with the deposition of calcium salts 

The process is entirely difterent in inspissated cavities The progiession 
to cavitation from a tuberculous pneumonia generally occurs through the in¬ 
vasion of the zone of necrosis by polymorphonuclear leukocytes Following 
softening, liquefaction, and evacuation of much of the liquefied material, a 
unitv lesults within which necrotic fragments of various size are present 
both in the lumen and attached to the inner w all The cavity empties its con¬ 
tents into a dianung bronchus, the latter is ulcerated as it enters the cantv 
(when no chemotherapy has been used) In cavity closme, as the liunen of 
the cavitv decreases, the individual neeiotic fiagments, which had been sep- 
aiated b} the process of liquefaction, are compressed into the narrowed space 
Thus even after calcium salts aie deposited, the necrotic mateiial lemains 
is fiagments in the enclosed space Microscopically, although a few intact 
ilastic fibers are stdl obseived in some of the necrotic fragments, the majority 
of them show a gieat loss of elastic fibers Such cavity closure, occurring 
aftei chemotherapy, shows re epithelization at the bronchocantary junction 
The epithelium from the bronchus extends along the inner wall of the cavity 
foi a \ amble distance 

Comparing the healed cavit} after chemotherapy with that healed with¬ 
out (hemotheiapv, it is found that m heated cases the bronchus is patent and 
re cpithelized, while in untreated eases no bronchial communication can be 
demolishated As a lesnlt of the communicating bronchus the inspissated 
contents mav subsequent)! be evacuated Thus, open healing is a much more, 
frequent occurrence follow nig chemotheiapy A consequence of the evacua¬ 
tion of much of the neeiotic contents within the inspissated cavitv will be an 
extremely small cav ltv 

In a pic\ iotas stud} of the bronehocavitary junction following ehemother- 
apv v\c raised the question, “Is the inspissated cavity with a patent bionchns 
a potential source of danger?” 10 One of the most important reasons for lais- 

'' iC Question at that time u as that vv e observ ed secondary liquefaction of 
the inspissated neeiotic contents within the lumen of the cavity Neutrophils 
mu mingled with mucin secreted into the bronchial lumen were obseived to 
(\tcnd among the calcified necrotic fragments and result in an evacuation of 
ns material We stated then that it would depend upon the fate of tubercle 

, l!mothmnv ,n nT? ted patlen ‘ s undet 6 om 8 prolonged combined 

therapy D Esopo and associates” have described the effects of long- 

L rm combined therapy on bacilli m such lesions They found that in + 

ot *<*"* »> ^ «1> <i».s 

<avi v disappeared from roentyenograpluc view they could 
•. . 
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contents of excised inspissated cavities in a high percentage of cases (1 of 36 
cases) Smeais fiom these lesions maaiiably shoved acid-fast organisms, 
olten in gieat numbers These writers concluded that in. such lesions the 
tubeicle bacilli aie piobably not liable Falk and associates 11 beheied that 
then findings confirmed the news expressed by D’Esopo and his co-workers 
e hare previously stated that if the bacilli in the nispissated cavities 
of stieptomycm-treated patients should pioie to be liable after discontinua¬ 
tion of theiapy, it uould seem hazardous to leaie such lesions in situ 10 The 
possibility must be eonsideied that, if the bacilli i\ eie again to multiply within 
these inspissated lesions, leactnation of disease would occur Such patients 
subjected to i e-treatment would be expected to develop stieptomyem lesist- 
ance lapidly Should baedli lemain liable within lesidual inspissated lesions, 
it v ould be impel atne that the mdications foi piolonged chemotherapy be 
caiefully evaluated 

We concluded then that the potential dangers inherent in such inspis¬ 
sated lesions with patent, le-epithelized draining bionchi hare not yet been 
piecisely defined. As a consequence, it is not yet possible to determine 
vhcthei such obliterated residual cavitary foci should be left in situ oi 
vhethei lesection of such aieas is obligatoiy 

The possibility that moie lefined cultmal techniques might permit the 
demonstration of liable tubeicle bacilli in neciotie tubeieulous lesions has 
been discussed b\ vanous nn estigators 1J In a lecent communication, 3 
llobbv and associates 23 hare siunmanzed a portion of the evidence which sug 
gcsts that microoiganisms at times aie capable of sm viral foi long penods of 
time uudei adreise euvnonmental conditions These investigatois hare shown 
also that, hi use of special cultuial conditions and long-teim incubation 
giovth of tubercle bacilli can indeed be demonstialed in cnltuies of lesectetl 
neciotie lesions 

The pieseut studr was uudei taken in in attempt to con elate the anatomic 
findings with the riabilitv of tubeicle bacilli m resected lesions fiom patients 
who had had extensile ehemotheiapy, and who had been cultuie negatne foi 
sereial months The miciobiologic obsei rations and the methods used aie 
piesented m detail m anothei iepoit 3S while the climcopathologic natuie of 
the matenal is lepoited lieieiu 

Material —As of this time neciotie fragments fiom 40 patients hare been 
cultured Included in this studv aie inspissated canties, neciotie foci which 
hare nerer liquefied, and also neciotie fiagments from canties showing open 
healing 

In selecting the cases foi study an attempt ins made to meet as closely 
as possible the criteria set up by D ’Esopo and his associates The high percent 
age of negatne lesults obtained by these authors vere m cases where there 
w is a closure of all ca\itics, consistently negatne sputum and gnstnc cultures 
for social months and stabrhtr of x-rays Thei emphasized that the results 
obtained veie in a liiglih selected group and also that this ins a stude Thea 
Mewed their material as a gatheung of bactenologic data and not for their 
cluneal application in so far as surgical procedures aie concerned 
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Because of the long observation period needed for evaluation of results, 
onlv the first 19 cases are included in this report Eleven of these 19 studies 
were original treatment cases, four vreve retreated eases and fotu were contro s 


CASE REPORTS—ORIGINAU TREATMENT CASES 
Case 1—J R was a 29 Tear-old Puerto Rican man with bactenologicallv proved 
pulmonary tuberculosis and a small cavitv m tl.e superior segment of the left lower lobe 
be x nv Chemotherapy was initiated on March 4, 1953 in a dosage of 1 Gm. streptomycin 
•lain With 12 Gm. PAS daily This regimen was continued without interruption with the 
exception that, on March ia, 1^53, the regimen changed to streptomxon 1 Gm twice 
weehli With PAS, 12 Gm daili All smears and cultures of sputum concentrates and 
goAnc specimens were negative from April 27, 1953 on- X roxs showed marled regression 
of the lesion m the left lower lobe with no evidence of caviti on left lateral tomogram 
preoperutuelv and with stability for at least 3 months preoperatix elv On Julv lo 195> 
a segmental re-ection of the superior segment of the left lower lobe was performed 

i’atholomc i ladings—The specimen of the superior segment of the left lower lobe 
measures 7 5 hi 6 bv 3 cm Occasional x ellow necrotic foci x arraig from 2 to 3 mm are 
present m an otherwise lesibent lung parenchyma 

Microscopically an occasional necrotic focus is present One of these proved to be an 
liwpw-ated cax uv while the others are encapsulated caseous foci which had nex er liquefied 
''erial sections show a bronchus opening into the inspissated caxitv The walls of the in 
xpi-satcd cax itv as well as the capsules around the necrotic foci which had never liquefied 
nr<_ compo-ed of hxalimzed connective tissue with occasional epithelioid and giant cells 
Occasional epithelioid giant cell foci without a necrotic center are also present 

Tidrfcnoroou, Findinoi—A single 2 mm. necrotic focus was remoied in its entirety 
for culture This specimen was negative for acid fast bacilli both on «mear and culture 


l xse 2—E H. was a 47 vear old white man with proxed pulmonary tuberculosis in 
xohing the right upper lobe Streptomycin 1 Gm twice xveehlv, and PAS 12 Gm dailv 
were initiated on Oct 1, l t >72 (Fig 1 J) and were continued without interruption All 
specimens taken after 'tart of ehemotherapx were negative bv culture Four sputum eon 
centrates between Dec 31, l t '52 and Feb o, J 053 (Fig 1 B) were smear positive for acid 
fast bacilli while a smg'e specimen taken Feb 24 1^53, wa« negatixe bv smear as well as 
In culture The patient roxcaled the greatest re-olution of disease roentgenographicsllx 
between August and December ini’ At the time of surgerx tomograms revealed extensive 
lnxolxement of the entire right upper lobe region xvith multiple small areas of radiolucencv 
\ rars indicated roentgen stability since December 1R52 The nght upper lobe was re 
xected on March 1053 (Fig 1 C) X ray of the inflated resected nght upper lobe showed 
only a few small radiolaccnt areas within a large dense lesion (Fig 1 X>) 

J’atholofiic Ftndmo*—The specimen of the right upper lobe measures 14 by 12 bv 4 cm. 
Present in the midas]*-, t of the lol« arc minx oval and round x ellow, necrotic foci arranged 
single anl in contiguous groups These foci vary in size from ** mm to 3 cm. (Fig 1 F) 
The smaller foci haxe a s m0 oth x ellow appearance The larger ones, representing n 
spissated canties hnxo a fragmented appearance Branches of the bronchi open xvideiv 
into thc c c jtics 


Microscopical!*, the msp v s=atcd caxities arc filled with fragmented, necrotic frag 
f cn s containing calcium salts The cnyitv xvall is composed of granulation tissue in c ome 
a pects but in most regions is made up of dense hxalimzed connectix-e tissue Branches 

Hi ° r ? ,nt ° thc ca ' ,U (P, P J > Tbere » re-epithebzation of the bronchus 

roachocaxatarx junction The lumen of the bronchus is ne „ ot mat 1 

similar to that present ,n the insp.ssnted eax.tx The Wler neerm.e foe t J V ' 

th. ghost forms of the underlxing lung struct, re are bounded bv ’ Sh0W 

t>««ue capyfles (Fig i,C) urrounded bv narrow connective 
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llactrnologtL findings —Pirt of i largo inspissated ia\it\ »a< reinotcd for lmc 
teriologic olisert ution, acid fast smears of this specimen showed small number, of bncilli 
while cultures were positi\e for tubercle bacilli A filled in cntitt with neeiotic foci, 
although negatno on smenr was culture positive for acid fast bacilli 



j. i i D—c is _ l Clnct \ r i\ Jan a 19,1 I ulmonari tutu rculosls linil lain 
ll«co\trial \ugimt 19,_ nml str. ptoim < In and P t 1 . tin ruin lx (run Oct 1 19.J / Antrro 

[xist< rlnr tomogram f.h t 19..1 \t tills tlnu cultures had tain nrnitkc for almost four 
months hut sputum sue arc wt rt still jsisltk C Right lati ml tomographic vliw f*h IS 
is .t Right upis r ioboctoim w i« dom March 19 liol 1) \ raj of Inflated rrscetnl right 
upp r loin On Fiction this spiflmm ulimonl nrcrotlc foci nnd flllid In cn\IU (1 mm to 1 
cm 1 


t v q r t_p, c w is a 17 tear obi white man with dinbctis wliov illness lagan in 

\ugust 1012 with a spout am ous right piuumot hnrn\ and n pleural < (fusion following 
r , I tpnision of the right lung n b sion thought to lie tn\itnr\ was s nC n in tht right lower 
lobe striptnimnn lt.ni Him' wokli, ami I’A 1 - 12 t.m dnih, w. re initinti .1 on I)n 7, 
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} >c 1 / ' — i . / i. r >n 1 n f 1 lun_ £ho\in:r a number of in«spi«?aU-l 

im i is \ ] *>- null *• n •<**■ Ic f * i f I h itomkrozr ph o' t in--*pl««ate'l nMU an I 

\ '-il i il - r rt i«* fix i 1 nil -v-iv inn juncti »n i* i it nt ar i rc-^pith^llzM G Photo* 
ml 1 < v. ti -i \ m « i il if fnnll n-c'-otic fo* i *howin? thin ronn*-eti\ ti*su capsules 

Tl - i r i-t -v mpv flt - i< timrnz th* ttilx-cul-m. fo^ 
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1952, nnd continued without interruption Pleural fluid at time of the pleural effusion was 
negatn e on culture, although sputum was smear positn e for acid fast bacilli Following 
start of chemotherapi, sputum concentrates were persistontlv negativo on culture from 
No\ 5, 1952, until time of surgen, although positn e on smear until after March 16, 1953 
Decorticntion of the right lung and a lobectomj of the right lower lobo nas performed on 
April 27, 1953 Section of the resected specimen reeoaled a small inspissated canty in tho 
superior sogment of the right loner lobe, not corresponding to tho lucenct seen on 
tomograms, with adjacent 2 to 5 mm necrotic foci It was concluded that the tomographic 
conformation, which had been interpreted ns a cavitv, actualh wns due to the pleural 
changes following resorption of fluid nnd re expansion of tho nght lung 

Pathologic Findings —The specimen measures 9 5 by S be 8 5 cm Present throughout 
tho lobe, particularly in the superior aspect, are groups of oyal nnd round, yellow, necrotic 
foci i nrying in sizo from 2 to 5 mm surrounded by a narrow gray capsule Some of the 
larger ones show fragmentation of the necrotic contents 

Microscopically, some of the larger foci show fragmentation of tho necrotic fragments 
in which there is n loss of lung architecture Among the necrotic fragments are also blue 
rones resembling mucin Serial sections show a patent cpitlielizcd bronchus opening into 
tho cnuties The smaller necrotic foci and inspissated cn\ lties are surrounded by nar 
row hi nlinized connectn c tissue capsules containing small numbers of fibroblasts and 
epithelioid cells 

The smaller necrotic foci show a presen ation of tho elastic framework and are 
surrounded b\ hi nlinized conncctne tissue containing a few fibroblasts and epithelioid 
cells 

Bactcriologic bindings —A specimen containing hard, necrotic foci showed moderate 
numbers of acid fast bacilli on smear and wns positn o on culture The soft liquefied 
necrotic material from an inspissated cavite, although positn e on smear (1 to 2 acid fast 
bacilli per microscopic field), was negatne on culture Tho wall of this canty, in contrast, 
showed viable tubercle bncilli on culturo despite the fact that acid fast bacilli wore not 
detected on prolonged examination of smenrs 

Cash 4— T D R wns a 44jcnrold Portuguese man with a histon of pulmonan 
tuberculosis with a right upper lobe enwte sinco 1946 Streptonncm, 1 Gm daily, and 
P VS, 12 Gm dnilx, were started on Tulx 20, 1952, nnd continued without interruption, with 
the exception that after Xov 20 1952, streptonn cm was administered in a dosage of 1 
Gm twico wcehh All cultures were negatne with tho exception of one specimen taken 
on Xoe 21, 1952 Three of 12 sputum concentrates were positnc on smear between Xo\ 
20, 1952, nnd March 9, 1953, the last smear positnc specimen wns taken on Tan 12, 1953 
No significant roentgenogrnphic change wns noted during the four months prior to surgen 
Cnwte wns lost to new on comentional films six months prior to surgery, nnd on tomograms 
two months prior to surgon On 510X011 4, 1953, a right upper nnd nght middle lobec 
tomi was performed X rn\ of the inflated resected lobes rcxenlcd no open cants 

Patholoaic Ftndinas —The specimen consists of the right upper nnd right middle lobe, 
which together measure 12 b\ 11 In 6 cm Occasional necrotic foci present aro limited to 
the superior portion of the upper lobe Most of the foci ha\c a chalks nppcnrnnce One 
of the larger ones is fragmented, but no communication with a bronchus can bo demon 
st rated 

Mieroseopicalh mo=t of the necrotic foei show the clastic fibers within the necrotic 
zones to bo intact Cholesterol deposits nnd enlcium salts arc present within tho zones 
of necrosis The capsules are composed of h\nlini7cd conncctne tissue containing only 
occasional fibroblasts nnd epithelioid cells 

Ferial sections rceenl n re epithelired bronchus opening into the inspissated cavitx 
Nome of the sections show irregular necrotic fragments in the lumen of the bronchus The 
cn\ 1 1x wall, which is composed of hvnlimzed conncctne tissue, in occasional sections shows 
a few epithelioid and Lnnghans' giant cells 
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nacnnolonu Mg ,-A portion of the ncrotic contents of the -sp.ssated cavitv 
m the right upper lohe was negative for oc.d fast bacilh both on smear and culture Puttv 
bhe foci at the base of the same lobe likewise were negative on culture, although a few 
cparseh scattered acid fast bacilli were observed on smear 


Case 5 — F K. was a 34 v ear old white man in whom a nodular lesion in the left lung 
was discolored in June, 1952, in the presence of a left pleural effusion Streptomycin, 1 
Lm twice weehlv, and PAS, 12 Gm dailv, were stnrted on Sept IS, 1952, and continued 
without interruption Thoracentesis in June, 1952, with inoculation of obtained fluid into 
guinea pigs, resulted in positive identification of tubercle bacilli All sputum and gastric 
specimens were negative on smear and culture from June, 19o2, to April, 1953, with the 
exception of one isolated positive sputum culture on April 9 This single positive sputum 
culture was followed bv negative smears and culture on a single tracheal lavage specimen 
taken Alar 5, 1^53 X ra\ on Jan 12, 1953 revea’ed a solid lesion 2 cm m diameter in 
the lateral aspect of the left mid lung field and obliteration of the left eostophrenic angle 
There was no change in the size or character of the left lung infiltrate between June, 1952, 
and the time of rejection as evidenced bv serial roentgenograms, nad it was thought that 
the infiltrate represented an encapsulated caseous focus On Mnv 12 1953, a wedge resec 
tion from the anterior segment of the left upper lobe was performed X rav of the resected 
specimen showed onlv a small dense nodule which on sectioning proved to be a 2 cm eantv 
with liquefied contents 

ralhologic Findings—The wedge of tissue measures 3 bv 3 2 bv 2 cm The lung 
tissue contains several necrotic foci varving in size from 2 to 5 mm The largest focus 
contains liquefied vellow material Xarrow grav capsules enclose the necrotic zones 

Micro'copicnllv the necrotic foci which show the ghost forms of the underiving lung 
structure are surrounded bv wade areas of bvnhmzed connective tissue containing epi 
thelioid and pant cells 

Serial sections of the cavitv containing the liquefied contents show n patent bronchus 
o|>ening into the inspissated cavitv Xumerous neutrophils are intermingled among the 
necrotic fragments of the cavitv lumen 

Bactenoloaic Findings—Half of the inspissated cavitv including a portion of the 
wait and of the liquefied contents, was removed for bacteriologic studv Cultures were 
mgativc even after prolonged incubation, de-pite the presence of innumerable acid fast 
bacilli on smear 


Cvor G—T H was a 35vearold white man with bactenologicallr proved pulnionarv 
tuberculosa since April, 1352 Isomazid 300 mg dailv was administered for 120 davs 
L ginning \pril 22 and terminating Aug 19 1032 s =treptomvcm 1 Gm twice weehlv, and 
l’\S 12 (»m dailv, were initiated on Aug 25, 1052, with pneumoperitoneum, and con 
tinuvd without interruption until the time of surgerv All sputum cultures beginning with 
Ihcemher, l n 32 were negative on smear and culture with the exception of one specimen 
taken Inn 1 10,3 which wns positive on culture Four specimens taken subsequent to 
1 inuarv 5 uni prior to surgerv were negative both bv smear and culture ^nal films between 
' *' 11 n '"' 1 ’> Jq ^2 showed no ess, ntial chnnge although there appeared to be some res 

nation mil hardening of lesions between \pnl 14 and June 9 195" Subsequent films 
'tween tug 1, and Xov 14 1952, revealed considerable retraction m the rmlit upper 
Mh ns well ns some clearing of small densities ,n the left npev Anteropostenor toruo 

orcsemTe .r f ’ I 10 ’ 3 ' re ' cn,ca hnoar aml nodular densities with "honcvcombing” 
! ,0- • r * ,rUaUn r, P ,lt Uflrer lobe Bilateral lesions had been stable since Xovem 

p, rfornic 1 on >77 77 mV'7 al> ’ C ' lI r ' ,T * <1 ^"'"ts of the right upper lobe was 

of cav it v ' X ° f U '° specimen revealed no evadence 

I'nlhnh, hr fimfings—The specimen measures S bv 5 bv 3 cm i , 
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Vitro-copicalli, the necrotic foci contain abundant calcium «alts Tliei arc surrouudt il 
b\ nidi zones of hialinizcd tonnectne tissue Other necrotic foci of a more recent nature 
-hou no calcium and are surrounded bi granulation tissue 

Serial sections of the tissue show that the necrotic foci represent areas of tuberculous 
pneumonia iilitrh lmd undergone necrosis and in nInch calcium salts had been deposited in 
-onie of the older foil Iio bronchi eommunieatc tilth these foci The serial sections do, 
hou cl er rural a minute caiiti composed clnefli of hinlinized connective tissue In some 
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sections the presence of Langhans’ giant celts and epithelioid cells speih for this cavity s 
tuberculous origin Foreign body giant cells are also present in the wall A bronchus open 
ing into it is observed in some of the sections Thero are no necrotic fragments within the 
lumen of the cavity or attached to its wall 

Bactcriologic Findings —A specimen containing chalky foci from this resected lung 
tissue showed no evidence of acid fast bacilli either on culture or smear 

C\se 7—G G was a 24 year old white man, with bacteriologically proved pulmonan 
tuberculosis since October, 1952 (Fig 2, A) Streptomycin, 1 Gm daily, and PAS, 12 Gm 
daily, were started in Xovember, 1952, and continued without interruption until May 1, 195°, 
uhen the streptomycin regimen was changed to 1 Gm twice weekly Sputum and gastric 
smears converted to negative promptly after initiation of cheniotlierapj and remained per 
sistentlv negntne from Tan 5 1951 until time of surgery Six sputum and gastric specimens 
taken between May 15 and July 13, 1953, were negntiye on culture X rays showed rapid 
resolution of the lesions on the left (Fig 2, B) By April, 1953, stability uns established 
on the right without definite evidence of cavitation on tomograms (Fig 2, C) An apical 
and posterior segmental resection of the right upper lobe was performed on Aug 17, 1953 
(Fig 2, D) 

Pathologic Findings —The specimen measures 14 by 7 5 by 2 5 cm There are occasional 
oval and round necrotic foci measuring from 3 to 5 mm in size These are surrounded by a 
narrow gray capsule 

Ylicroscopicalh, one of the larger necrotic foci (Fig 2, E) represents an inspissated 
cavity Serial sections of this cavitv show a fragment of cartilage enclosed In necrotic 
material lining the cavitv wall (Fig 2, F) Further serial sections show the continuation 
of the same bronchus communicating with the enutv 

The other necrotic foci arc surrounded b\ wide zones of hvalimzed connective tissue 
with an almost complete loss of specific tuberculous elements (Fig 2, G) 

Bactcriologw Findings — \ single specimen consisting of pus from the inspissated 
cavity and several small necrotic foci was culture positive for If tuberculosis although nega 
tnc In smear 

Case S — ft C \ras a 31 i oar old white man inth bnctcnologicnlh- proved pulmonnrv 
tuberculosis since April, 1952 (Fig 3,-4) The patient received isonmzid, 150 mg dnil\, 
from Tune 12 to September 23, 1952, at which time streptomycin, 1 Gm twice yyeekly, and 
P \S, 12 Gm daily, were substituted for nonmzid Chemotherapy was continued without 
inti rruption until the time of surgen Sputum specimen taken Sept 3, 1952, showed G acid 
fast bacilli on smear, while a specimen taken Dec 1, 1952, was also positne on smear (Gaflfkv 
I) although negntne on culture All other specimens taken after Mai 23, 1952, including 
10 specimens taken after Dec 1 1952, and prior to Apnl 14, 1953, were negative by smear 
and culture Roentgenograms indicated bilateral stability for six months prior to surgen, 
and n large coalcscent infiltrate with irregular small annular densities in the shrunken right 
uppi r lobe at the time of surgen A right upper loliectomv was performed on April 14, 195 > 
Pathologic Findings —The specimen of the right upper lobe measures 14 5 In 10 5 by 
5 5 cm Y 4 b\ 3 bv 2 5 cm filled in cavity is present in the superior portion of the 1 o1h> 
The lumen is filled with firm inspissated yellow material which can easily be ciacuatcd A 
bronchus opens into the cavity and has a smooth lining The cavity wall, which is gray in 
color, measures from 1 to 2 mm Oy nl and round necrotic foci y an ing in size from 1 to 3 
mm are pre'ent in the region around the cavitv (Fig 3, E) 

Microscopically, the lumen of the inspissated cavitv is filled with fragmented necrotic 
partich- containing abundant calcium and cholesterol Y narrow zone of tuberculous granu 
lation twsue encircles the necrotic mass and is in turn surrounded by a thin layer of hynlimzed 
connective tissue (Fig 3, F) A bronchus which opens into the cavity contains necrotic frag 
ments m its lumen, similar to that which lies in the cavitv (Fig 3, G) The small neerotn 
fon haye an cyen appearance and are encircled by nnrrow hvalmized connective tissue 
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BactenoJogic Findings —Tlie necrotic contents of the right upper lobe inspissated cantv 
were po-itne for tubercle bacilli both on smear and culture In like manner, smears of a 
portion of the unsloughed satellite necrotic lesions showed acid fast bacilli, while viable 
tubercle bacilli were recovered on culture 
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mimstcrefl onl} tuice weekh Sputum was positne by culture on Julj 23, 1952 Eleven 
sputum and gastric specimens taken between Dec 19, 1952, and the time of resection wero 
negative bj smear and culture .X rats showed progressne clearing of the extensile bilat 
oral disease in both upper lobes, mth deielopment of mnrhed fibrosis and shrinkage and 
persistence of cawta in the right upper lobe (Tig 4, U and C) On Mai 18, 1953, a right 
upper lobectonn was performed A width patent cautv was demonstrated by \ raj of the 
inflated reset t< d lobe (.Fig 4, D) 

Pathologic Findings —The specimen of the right upper lobe measures 12 bj S bj 5 
cm A sisteni of interlocking entities is present in the posterior lateral aspect of the 
lobe just beneath the pleura and 2 cm from the apex The cat it) measures 3 5 cm in 



r n 

1 ,e l l D -—< is it t CIn-t \ ra> at tun of dlscmer} of pulmonarj tuberculosis 
\pril is . sitreptonn fin an I I tb do»acr< mi" bocun June 11 llj. D Chest x rn> 'W™ 
f l<i't Numerous mi nr-. and cultur* s brttw n EVcemtKr 1052 nnd un> 1 " i w 
n mtlet r* peatodlj C tnt* roposlarlor tomoprnphlc tlrw of rjirilt uppyMobe cntltj 
of Inflated resected "P'-elmon tta> ] e ta^a ~ ‘ * 

with one small adherent necrotic focus 


i(i ,,,,, _, D\m 

^Section of till? silenced' elenn-uailed patent catlt> 



UiFRIUC H TT AL TOBErCLE BACILLI IN RESECTED LESIONS 


125 


» Ul »< 
^^ln» 






12G 


THE JOURNAL OF THOR VCIC SURGERY 


tho npicobnsa! direction, 2 cm in tho mediolnternl ilirection, and 2 cm in the nnteroposte 
rior direction The cavitv is lined In a smooth, slime grnv surface A small, yellow 
necrotic fragment is attached to the vrnll m one small area The cavitv nail measures 
1 mm in thickness Near the cavitr and in other portions of the lobe are 1 to 5 mm necrotic 
foci 

Microscopicnlh, the cavitv wall is composed of hmlinized connective tissue contain 
ing a few fibroblasts (Fig 4, E and F) Bronclunl communications are present in several 
regions The epithelium is intact up to its entrance into the cant! (Fig 4, G) The necrotic 
foci, which are often contiguoush arranged, show the former structure of the lung pnrenchvmn 
still discernible These are surrounded bv hvnlmized connective tissue containing occasional 
epithelioid and giant cells 

Haetcriologic findings—The wall and tissue surrounding a clean walled canty was 
smear and culture positive for acid fast bacilli In like manner, a clean walled canty Inng 
just inferior to and communicating with this prenouslv mentioned envitv, and vnth a small 
nei rota zone, was positive on culture, although negative on smear Two 4 mm puttvlike 
foci in addition revealed acid fast bacilli both on smear anil culture, as did a clump of 
small firm v ellow foci 

Comment —Si\ of the 11 patients had leeeived 4 to 8 months of chemother¬ 
apy, while 5 had leccned mote than S, although less than 12 months of chemo- 
theiapv immediate!} pzeopeiatn eh In all but one instance, stieptomycm had 
been administeied twice weekh, in combination with a second antimicrobial 
agent, dm mg the penod pnoi to smgeiY Foui, howevei, had xeceived daily 
stieptomvcm foi peuods langmg fiom 2 weeks to G months pi 101 to initiation 
of the tw ice w eekh legimeu 

It is of mtciest that in 3 of the 11 patients in this group, smeais, but not 
cultuics, weie positive until one to two months pnoi to lesection The sig¬ 
nificance of positive smears, aftei cultuics have become negative, to our knowl¬ 
edge lias not been indicated to date 

Two of the patients in this gioup each had one isolated positive culture 
4 to G weeks pnoi to lesection, aftei having been cultuie-ncgatnc foi a pe¬ 
nod of sevctal months pieviouslv It is of intei est that no viable tubercle 
bacilli weie iound 111 the inspissated cavities of these individuals 

Also included m this gioup is an example of open healing under chemo- 
therapv This patient had had 11 months of prcopeialive ehemotheiapy and 
had been bacteriologieallv negative bv smeai and cultuie foi moie than five 
months pieopeiativ civ It is significant that onlv one small nceiotic fragment 
was attached to a smooth walled eavitv winch imcioscopicallv was composed 
of hvalinized connective tissue which had no specific changes for tubeiculosis 
The neciotic fngment and the cavity wall weie smeai- and cultuie-positne 
for acid fast bacilli Patent communicating bionchi weie demonstrated nncio 
scopieallv (Case 11) 

C4SE REPORTS—RFTRE VTJIFNT CA^ES 

Cvsr ]£—c JJ, n 3Gvenrobl vvlutc mnn, line! hnd pulmonnrv tuberculosis since Fel) 
rmvrv, JO-JS, nnd \ mv evidence of evcnvntion m tlie left lung in JO"i2 Streptomv cm, 1 
(mi twice wieklv m n«ocmtion with PA^ J2 (,m dmh, wns ndnnni'-tered for 0 period 
of on Anvs beginning Inn 12, 10',2 In Tub, jnjo the patient wns ngmn started on strep 
tonivsm, 1 (fill twice vveeklv, witli PA'J, 12 Gm dailv, nnd tlie regimen wns continued 
without interruption until time of mrgerv A c mg!e sputum specimen tnken on Dec 31, 
in',2 wns cmenr and culture negative, while n second specimen taken on Tan 2, 1933, 
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showed n Gafikv I on smear Thereafter, six tracheal, gastnc, and sputum specimens taken 
preoperatwelv were negative bv smear and culture The last positive culture had been 
obtained April ", 1952 Serial films showed x r&v stability without definite evidence of 
canti for 6 months pnor to rejection A left upper lobectomv and segmental Tesection of 
the superior segment of the left lower lobe was performed on April 2S 1953 

Pathologic Finding *— 1 The specimen of the left upper lobe and the dorsal segment of 
the left lower lobe measures 18 bv 11 bv 4 cm Xecrotic foci are present in both lobes In 
the upper lobe thev varv m size from 2 mm. to 1 5 cm while in the lower lobe tbev are 
from 3 mm to 2 cm in size The smaller foci are firm and flat while the larger ones, which 
represent filled in cavities contain soft veltow material which is easilv evacuated The 
lower lobe eavitv shows softer material than the upper lobe cavities A branch of the 
loner lobe bronchus communicate' widelv with the eavitv 

Microscopiealh, the filled in cavities of both lobes contain fragmented necrotic frag 
ments Those of the lower lobe contain in addition manv neutrophils (liquefaction! Those 
of the upper lobe contain cholesterol and calcium deposits The eavitv walls are thin 
showing tuberculous granulation tissue with an abundance of collagen fibrils The smaller 
necrotic foci show a similar wide capsule of tuberculous granulation tissue 

Baclcnoloaic Finding —The central necrotic portion of a 5 mm. inspissated eavitv 
was positive for acid fast bacilli both on smear and culture while the wall of this eavitv 
was positive on culture although negative on prolonged examination of smears The wall 
and central necrotic component of a second inspissated eavitv were pooled for bactenologic 
studv and agrnn showed acid fast bacilli both on smear and culture \ lable tubercle bacilli 
likewise were recovered from two small (pooled) necrotic foci 


Case 13 —IV A was a 31 vear old Xegro man with bactenologicallv proved bilateral 
pulmomrv tuberculosis since 1940 and bilateral spread of disease pins evidence of a small 
cav itv in the nght upper lobe under a thoraeoplastv in 1052 Pnor to 1051 and m Janu 
arv, 1952, the patient received a total of 320 Gm of streptomvcin m discontinuous courses 
administered dailv but without regular PAS fhempv Complete resistance to streptomvcin 
was observ cd, beginning Alov l r 'ol The patient was placed on isoniazid 300 mg dnilv 
and streptomvcin, 1 Gm. twice weehlv on Xov 7 1952, and was continued on this regimen 
until the time of 'urgerv Four sputum specimens taken after Xov 5, 1052 were positive 
on smear but negative on culture 4 single isolated specimen taken Dec S, 1052, was 
culture positive Bacilli isolated on this occasion were resistant to 10 /ig P4S but su« 
ccptibh to 0 2 pg isoniazid and 3 5 pg streptomvcin per milliliter of medium. Six sputum 
and gastnc sp CCim en« taken subsequent to Dec S, 1052 and pnor to surgerv were negn 
live bv «mear and culture X rnvs showed progressne clearing of the infiltrative lesions 
in the right lower and the left lung field and were considered stable bv March 1953 On 
Tune L, 1053, a nght upper lobectomv plus additional thoraeoplastv was performed At 
the time of resection the small eaiitv under the thoraeoplastv could no longer be seen on 
tomogmms or on x rav of the inflated resected lobe 

Pathologic Finding—The specimen of the right upper lobe measure-. 11 bv 6 bv 3 <m 
Oi i aMonal necrotic foci varvang m si ZC from 1 to 3 mm are present in the lung tissue and 
are surrounded bv wide connective ti'-ue cap ules Then, is a great increase of connective 
ti-ue within the lung parenehvma There is no evidence of the presence of an in«pis*ated 


U the time the specimen was first opened for bacter.olog.c examination a small 
smooth walle 1 eavitv was observed Approximated one half of it was removed for bae 

U nolog,r studies After the *pecim. n was fixed in formal,,, the rematn.ng portion of 
the eavitv wasnots.en b 1 01 

Micro op,call, 1 .re. portions of the lung t,s-„e „n replaced bv loo-e and dense con 
< ti'-Mie T \ in" v. it Inn tin zonc^ of fihrOM'- ore o<<.iMOn il cmntt pnnmi i > 

nro cn.ircM nth.r bv hvahnmd conmct.v. r,s. la or ZluZ o t! a! \ ^ 

nbun lane, of collagen fibnK V f. w s„ all s„, uHr fo ,, , f( " 

i^rrotic center* ^ re ont contain no 
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Serial sections reveal a small cavity space lined bv a zone of hvnhnized connective 
(issue There are no specific tuberculous elements present withm it 

hactcriolooic Findings Half a clean mllcd cavitv, including the wall and lung paren 
cliwm, was cultured and was positive for acid fast bacilli on culture although negative on 
smear 

Case 14 L It a 34 vcar old white man, had lind pulmonary tuberculosis since 1949 
-littween August, 1949, and Febnnrv, 1930, tho patient received an initial GO day course 
of streptomycin, 1 Gm dailv, followed bv a subsequent 13 dav course of streptomycin, 1 
Gm dailv, plus PAS, 12 Gm dailv This in turn was followed bv PAS alone for approxi 
match 3 months On Nov 22, 1932, treatment with lsomnzid, 300 mg daih, and 
PAS, 12 Gm daih, was initiated, this regimen was continued to the time of surgorv On 
Aov 17, 1932, sputum was positive bv smear nnd culture for acid fast bacilli Nino sputum 
and gastric specimens taken between Dec 3, 1932, nnd April 13, 1933, were negative bv 
smear nnd bv culture In November, 1952, the patient revealed a left apical infiltrate with 
out distinct evidence of excavation Lateral tomography, however, disclosed a thick walled 
2 5 cm cavitv in the superior sogment of the left lower lobe A repent left lntcral tomo 
gram taken April 21, 1953, revealed no evidence of a patont eavitv A resection of the 
dorsal segment of the left lower lobe was performed on Max 4, 1953 X rnv of the inflated 
resected specimen revealed an inspissated cavity measuring 1 5 by 1 cm in size 

Pathologic Findings—Tile specimen measures 10 by 9 5 by 2 5 cm A filled in cavitv, 
measuring 1 bv 1 cm bv 8 mm , is present The lumen is filled with soft, vellow mntennl 
Hie cavitv wnll measures 1 mm in thickness A bronchus cannot be traced into the cavitv 
with anv definiteness Occasional firm necrotic foci varvmg in size from 2 to 5 mm, arc 
present in the area around the inspissated cavitv 

Mieroseopicnllv the necrotic contents of the cavitv arc fragmented nnd intermingled 
with mucin nnd neutrophils The cavity wnll is composed of granulation tissue with ail 
abundance of collagen fibrils V bronchus opens into the cavity and shows an intact epithelial 
lining up to its entrance into the cavitv The small necrotic foci show the ghost forms of 
the underiving lung structure Tliev are surrounded bv hvalinizcd connective tissuo containing 
a few fibroblasts and epithelioid cells 

Bactcriologtc Findings —The central necrotic component of an inspissated cavitv was 
positive for acid fast bacilli both on smear nnd on culture while the wnll of this cavitv 
was negative for tubercle bacilli 

Cvst 15 —L B a 20 venr old Negro man, had bnctcnologicnllv proved pulmonary tuber 
miosis and right upper lobe cavitation In October, 195], the patient was stnrtcd on strepto 
nivcin, 1 Gm daih, nnd BA's, 12 Gm daih, for a period of 4 months, this repmen was con 
tinued without interruption with the exception that the streptomvein wns administered onh 
twico vud lv after the first 0 weeks On Nov 7, 1952, lsomnzid thompv was started and con 
tinned without interruption until the time of surgerv P V4, 12 Gm daily, was added to the 
repmen on Nov ]9 1032 Ten of 11 specimens tnl en between Nov 20, 1952, nnd Alnv 0 
1953, were negative on eultun n single sjienmen taken Dec 8, ]032 wns positive for tuliercle 
bacilli Smears were positive cn 0 of the-e specimens, nil 5 specimens taken after Tin 5 
lny”, being negative on smear as well ns on culture X rnvs showed progressive shrinkage of 
the 1< sinn 111 the right upper lobe, as vvell ns cleirnig of the seeding in the left lung *4 1 nb 1 1 1 1v 

on x ruv was obtained bv Fcbrunrv 1953 at tint time the right upper lobe wns converted 

into a shrunken nteha tatic mass with the cavitv lost to view A rijit upper lobectomv wn' 
p rformed on Alav 19 ]oy- \ n \ of the inflated resected lobe revealed no cavitv 

Patholonic Fi ml mot —The specimen of the right upper lobe measures 7 bv 0 bv 4 cm 

A radial var m< curing 3 5 bv 1 cm bv 7 mm is present in the posterior nnd lateral 

aspect of the IoIh A bronchus ends abruptlv in the 'car c " U p Cnor t 0 the scar is a 4 mm 
soft liquefied focus surrounded bv n narrow gr iv zone A group of necrotic foci, varcing 
111 cn from 1 to 3 mm nrc also pre-ent in other parts of the lung tissue 

Alicroscopicnlh, the rn li il scar is composed of loose nnd dense connective ti«sue 
wlin It gradinllv tapirs off among the surrounding alveolar septa The liquefied fo< us 
shows the necrotic fragments intermingled with neutrophils This )s encircled bv a Inver 
composed of collngon fibrils with epithelioid nnd giant cell' 
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Semi sections show n bronchus opening into the cavitv (the 4 mm liquefied focus 
described ibo\el The epithelial lining is intact as it enters the cantv 

Bactenolomc Findings —A piece of lung tissue, containing small liquefied areas, was 
c aq>ped for liaeterio ogic stud\ although smears wert positive for acid fast bacilli orga n^ms 
mro not recovered ou culture A bunch of small necrotic partialis calcified foci m contrast 
were po-itive for tubercle bacilli on culture although negative bv smear 

Comment —Tom of the 19 patients had leceived pievioiis courses of 
antimicrobial theiapv, teinunatiug 3 to 21 months pnoi to institution of the 
pteoperative course of chewotheiapv All had leceived from 5 to 10 months 
oi more of chemotheiapv immediatelv pieopeintivelv and all weie bacteno- 
logieallv negative bv smeai and culture foi at least 3 to 6 months pieopeia- 
tivelv Cavitv closure was observed moiphologicallv in each case 

Control Cases —Foui of the 19 cases weie considered as controls Of these, 
two (Cases 16 and IT) had received eithei no oi essential!v no chemotheiapv 
preoperativelv while two had open cavities (Cases IS and 19) at the time of 
resection One of the two patients with open cavities had had 12 months of 
preoperative chemotheiapv (Case IS), while eultuies (but not smears) from 
tins patient had been negative foi eight and one-half months pnoi to surgerv 
All lesions from all eontiol patients weie eultui e-positive foi 1/ tuberculosis 

DISCISSION' 

As indicated hv data lepoited heiem and also in a previous publication 
hi the piesent authors 5<! viable tubercle bacilli weie iccoieied from T of 11 
original treatment cases and from all of 4 letieatment and 4 control cases 
Such viable cells vieie detected as fiequentlv fiom oiigmal as fiom retieat- 
ment eases, and as frequentlv from patients who had had 8 to 12 months as 
uom those who had had 4 to S months of chemotherapv 

Most of the patients in this gioup leceived stieptoinvcm twice weekly 
ni combni ition with PAS dailv Five patients leceived isoniazid dailv together 
"ith streptomvcin oi PAS Since none of the patients in oui senes leceived 
d ul\ stieptomvcin duung the immediate pieopeiative period no companson 
can be made therefoie between dailv and twice-weeklv stieptomvcin regimens 
Indeed the data to date fail to suggest anv significant difteienee an ong the 
icgunens used in this senes 

3he maioutv of patients m the gionp lepoited bv D’Esopo and Ins asso- 
entes 1 leceived dailv stieptomvcin in combination with PAS D’Esopo ::i 
st ded that this ninv lie one of the factois winch mav account foi the difteienee 
between then findings and mu's lie j united out tint patients leceivmg stiep¬ 
tomvcin 1 Gm twice weeklv, and PAS, 12 Gm dailv, show an apprecmblv 
iiglici mudence of viable bacilli than those lecemng streptomvcin daily He 
found the incidence of vialnlitv in patients lcieivui" twice-weeklv strepto 
*nv ein to l c appioMinatelv 35 pei cent The incidence m oui studv on snnilai 
it caucus ls P ei CL ‘»t He also indicated tint as fm ns pieoperative chemo 
ci.ipv is concerned tlieie is a gieatei opportumtv for bacteriologicallv neg 
results if it is used in excess ot S and possiblv in excess of 12 niomlis 
e statement lias been made hv D’Esopo and associates, however, that the 
l^ p 1CI l K t,lc ' selected foi icsection were mostlv ones who had 

C ° n rc ' ltccl “"dh an aibitrarv minimum period of four months of preopera- 
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tnc chemotheiapy ” An attempt yeas made m the selection of om m.itenal 
toi tins study to follow as closely as possible the cuteiia set down Iia these 
anthois Thus, all patients in this lepoit leeened moie than 4 months of 
chemotheiapy , a numbei leeened moie than 8 months, although none leeened 
moie than 12 months The findings of Steele and his associates" are of inteiest 
in this lespect Then lesults show no gieat diffeiencc m the leeoaeiy of yin 
hie bacilli m the two legunens In Steele’s group lecenmg original tientment 
foi 4 to 8 months, liable oiganisms weie lecoveied m one of 16 cases lecen- 
mg daily stieptoim cm and in none of 6 cases leeenmg the ding tw’ice weekh 
In the gioup leeening daily theiapj fiom 8 to 24 months, viable bacilli weie 
iccoieied fiom 3 of 33 cases and fiom 3 of 39 eases lecemng stieptomycm 
twiee w eekh 

If the difteienee m the viability of oiganisms lies m the use of daih 
stieptomycm oiei long penods of time, then this would gieatly altei the 
appioach tow aid chemotheiapy The almost uimeisally accepted use of 
stieptoim cm today is on a twice weekh basis combined eithei with PAS oi 
isonia/id daily 

The ieco\ eiv of liable stianis of M tubciculosis fiom the lesions descubed 
in the piesent lepoit leads one to wondei what may be then clinical sigmfi 
tance It is of inteiest m this legald that, on subcultuie all strains weie 
highly undent foi guinea pigs The significance of guinea pig ynulencc m 
l elation to the ability of an oiganism to piodnee disease in man has ncaei been 
fiimlv established, nonetheless, it has been assumed implicith ovei the jcais 
Of fuithei inteiest is the fact that all stianis lecoieied weie highly suscep 
tilde to 0 1 /ig of isoiiiazid pci millilitci of medium and all but one was suscep 
tilde to 1 /ig ot stioptonn cm pci millilitci oi medium 

riom the data picsented, it seems piobable that linpioved cultural tech 
niciues limy niciease the ficquency with which viable lubenJe bacilli may 
be lecoyeied fiom neciotic foci, including inspissated cauties These findings, 
howo\ci, suggest fuithei that eithei duiation of chemotheiapy may be moie 
iinpoitant than has been indicated pieuoush and must exceed 12 months in 
oidei to assuie stenlization of the lesion oi the chemotheiapeutic legimen 
employed may be moie iinpoitant than has been appaicut in the past 

Of pi line mipoi tance in i elation to the piesent stud} is the fact that 
tubeicle bacilli may sunne in inspissated tubeiculous cavities ecen aftei 
extensne c hemothein])y and that the suiaiaal of these oiganisms can be deni 
onstrated m so laige a ]uopoition of eases 

Tubeiculous cavities which close by liispissation of the neciotic contents, 
nuclei chemotliciapy' show a comiiiunicating bionchus As has alieady been 
pointed out the bionchus is le epifhelizcd as it enteis the cmity The re 
epithcli7ed suiface of the bionchus at the hionchocautan ninction means 
that th ci e will be a communication w it h the neci otic contents of the can t \ and 
othei pai ts of the lung paienchvma ‘■huce the neciotic contents may again 
become liquefied tluough the mansion of polvmorphonueleni leukocytes the 
pi esence of y inble oi gninsins i emams as a tin eat to the patient 

Thcie arc soy oral feafuies of the fate of the inspissated cay jfy which still 
need explanation There arc mam cases y\heie caaities hay e closed ycifh in 
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spissation of the necrotic contents under chemotherapy which have been ol> 
su \ ed foi sev ei al v eai s aftei the cessation of such theiapr No spi ead of dis¬ 
ease has been obsened in such cases Othei similar cases have been followed 
vheie the inspissated canty has shelled out (during chemotherapy and also 
subsequent to it) without the development of new tuberculous disease m othei 
pails of the lung 

We believe that Case 11 is of extieme significance in oui approach to the 
evaluation of open healing Viable bacilli vveie found in a single neeiotic 
fiagmcnt attached to a eantv wall Mieioscopic examination of the canty 
wall in vanous sections showed a loss of specific tubeiculous elements Pei- 
lvaps senal sections of this cavity may have shown some tubeiculous foci still 
piescnt The observations in this case pose seveial questions Patients show mg 
open cavitv healing undei piolonged ehemotheiapy with long periods of nega- 
tiv ltv nnv still contain neciotie fiagments in which aie lodged nable tubeicle 
bacilli Since theie is no method of deteimining loentgenogiaphicallv when 
all the neciotie fiagments have disappeared fiom the lumen of the canty and 
since all mvestigatois have found a high peicentage of positive cultuies fiom 
lesected cavities despite negative sputum and gastnc cultuies, it is at piesent 
agiced that chemotheiapj should not be stopped until all open cavities aie 
iesected 

SUMM \RY 

A clnuco])athologic coirelation with miciobiologic obseivations was pei- 
foimcd on lesected tubeiculous lesions fiom 19 patients Foui of the 19 
patients were consuleicd as contiols Fouiteen of the lemamdei had leceived 
fiom 4 to 12 months of cheniotheiapv pieopeiativelv and showed moiphologic 
evidence of cavitv closuie One had leceived 11 months of chemotherapy pie- 
opeiativclv md showed evidence of an open cavitv with healing The lecov- 
uv of viable tubeicle bacilli fiom the 4 contiol patients and also fiom 11 of 
the I! oiigmal and icticatment patients lias been reported 

No eorielation between the piesencc of viable tubeicle bacilli in tubercu¬ 
lous lesions and (filiation of chemothei lpv ding legnnens used, duiation of 
the puopci it iv c period noninfectiousness oi the anatomic natuie of the le¬ 
sions could he demolish ited m this studv 

P.asid on the findings lepoited heiein, inspissated cavities with communi- 
<ating lnonchi aftei piolonged clumotheiapv on legnnens umveisally used 
todav arc potentiallv dangerous in a high peicentage of cases 

m 1,U 10 our ‘o Mr Mnssi M XnUmurn, for the illustrations 
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DISCUSSION 

DR ALFRED GOLDMAN, Beverlv Hills Calif—About two or three rears ago we 
began to study tubercle bacilli from resected surgical specimens At that time we were 
interested in streptomycin resistance in streptomycin treated patients who had lung resec 
tion for tuberculosis Approximately 120 surgical specimens were cultured from the re 
sected lungs and we could never determine in cultures from anv of these specimens in 
which we recoiered tubercle bacilli anv difference m the resistance to streptomycin of the 
organisms recovered and the resistance of organisms found in the sputum Subsequent v 
wc studied another group of -tl patients who had segmental resections In this group, t e 
data on which are published in the last Transactions of this Association, we recovered onlv 
two positne cultures in those patients of whom there were 26, who had negative pre 
operative sputum Smears nnd cultures were negative for at least su months preopera 
tnely Subsequent to this, we hare a third group of patients now under studv, and it is 
with regard to these that I wish to speak 

This is a group of 29 cases none of which hate had less than four months of treat 
rnent, isomazid, PAS, and streptomycin, 1 Gm , twice a week, whereas the original group 
we studied had streptomycin daily five times a yveek In this gToup we have been able to 
recoicr liable tubercle bacilli with more assiduous study than the routine studv used 
preyiously, approximately thus far (and the study is still going on) 50 per cent as com 
pared with the 7 per cent just reported of viable tubercle bacilli m these lesions, most 
of which were closed lesions or blocked cay lties 

(Slide) In this respect our results parallel those yvhich were just reported br Dr 
Auerbach This slide represents a segmental resection in a patient who had a filled in 
cay its clinically, and this is the drawing of the segmental resection preoperativelv the 
sputum yvns ncgatiye and the culture from this is negative 

(Slide) This is a summary of the present status of this study We max for practical 
purposes conclude that all the eases below this hue had negntne preoperatne sputa on 
smear and culture Mo-t of these were negntvic on more than twelye cultures Tet vou 
mi that about fiyc of them had po-itnc yiable tubercle bacilli obtained from the specimens 
To mo this type of study lias a great significance in the management of the patient, 
nnd this is the point I Irish to make Today it seems that manv of our beds are taken up 
by patients in the sanatoria who are no longer n menace to society lie can use these 
Imctenologic criteria obtained from our surgical specimens for decision ns to earlv ambuln 
tion mid mrlr dischnrge lor example, take the patient who~e specimen you saw projected 
in the slide, that patient na> ambulatory within s)\ weeks after segmental resection and 
yyns discharged from the hospital within four month* It seems to me that this type of 
study offers the opportunity for us to acquire more scientific criteria as a basis on which 
to make the dtci«ion of early ambulation and earl discharge after pulmonary resection 


DR FDWIN T GRACE Brooklyn A 1 —B hen we are speaking of chemotherapy 
1 think it is important to consider certain fundamentals in medical semantics and to define 
just wlmt yve mean by modern chemotherapy Be liuye some yen reliable data on this 
Imcteriologic phenomenon lust these specimens of liable tubercle bacilli from the so 
called healed h sums are probably ImcUnologu mutants that one would anticipate cmerg 
uiL from inadequate topual eheniotlii rnpy B ith modern chemotherapy it is necessary 
to un buck aimo t JOO Mm r .. and integrnti the Mcndelinn law (genetics) directly to cur 
r. nt cbtti hict< nology ulun these laws , rr nppbed the viable kacterm are prob 
' , fr *»» »'0 original tubercle bacillus Second if we carefully 

UM ™ n V Mr ‘ r< ' ,0rUtl F'^ing twenty fiye yenrs ago most 0 f the 

bacteria pr. -onl ,l le penh.llin w,n destroyed and the lelhnl nffL * 

dir.rt proportion to ,ts intimacy with the chemotherapeutic agent (pcmcilhnTa^th'' 

i■ t, 1 ;.”:^ 
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(Slido) If we use this therapeutic concept, we now recognize that tho most lethal 
chemotherapeutic combination to destroy the tubercle bacillus and prevent the emergence 
of resistant strains is a combination of streptomycin and isomazid (Strcptohvdrazid) 
applied topically with a detergent in nn aerosol nnst to the primary focus in the lung 
This x ray shows a moderately advnneed lesion in the apex of the left lung of two months’ 
duration with a combination of 2IG mg of isoninzid nnd 1 Gm streptomycin dissolved in 
See of a detergent (Alevairc) inhaled deeph m nn aerosol mist for three weeks nnd n 
like amount given intramuseularlv with PAS nnd isomazid (Parnsnl) orally In three weeks 
the lesion hnd cleared, and sputa were negative in four weeks Elev en month followup 
showed no svmptoms, all six cultures negative, chest nnd tomograph negative He has 
been gainfully employed for six months ns a dancing teacher In other w’ords, the lm 
portant thing we must realize at the stnrt of nil cliemotherapv is to direct our therapy 
not to induce further chronieitv b\ nllowing preventable bactenologic mutants (viable 
tubercle) to emerge 

(Slide) At the meeting held nfter the war in St Louis in 1917, I noted tlint, from 
declassified data obtained from the technical division of chemicnl warfare on so called 
gas warfare, it was possible to use nn antibiotic (penicillin) with a detergent (Zephirnn 
chloride) to produce n mist nnd inhale it deeph into the lung for therapeutic purposes 
At that meeting I had this slide with me but hesitated to present it because of the limited 
followup of onh a few months However, I did show it later to some members of this 
Association from Houston, Texas This patient, after two v ears of unsuccessful treatment, 
had a severe hemorrhage Sho was gnen fundamental!! the same tjqie of inhalation ther 
npv for a longer period, one month, using penicillin nnd streptomycin dissohed in a deter 
gent sohent In four months the extensive envitv of the left lobe, tho infiltrntion of 
the right hnd become fibrosed and all cultures (11) are negatne With semiannual checkups 
for seven a ears this patient has been an actno housewife nnd is in good health 

The clinical importance of this paper of Hobbv, Auerbach, and associates from our 
experience is that with chemotherapeutic agents now mailable to prevent, probably, the 
\iable tubercle bacilli or mutants from emerging this simple but biologically sound con 
cept should be considered before ant surgical or compression therapy 

[Dr Grace asked the editor for permission to include in lus discussion 
a letter from Dr A ernon Bn son a geneticist, concerning the interpretation of 
Fleming’s original penicillin plate—Editor] 

Dear Dr Grace 

A ou will recall that we reccnllv had a conversation on the nature of the 
colonies evidi nt in vour photograph of Dr Fleming s original discover! of pem 
cillin It seems to me most likelv that what we observe here is inhibition, rather 
than the selection of mutnnts This viewpoint is supported bv the visunl cvi 
dencc that colonies are well separated and growing normnllv on the Petri dish 
in regions well removed from the contaminating penicillin If mv recollection is 
correct, there could have been no more than about fiftv bacteria on the plate 
(assuming a random distribution) nt the time the colonies started to grow This 
number is too small to include rare tvpes of mutants ixcept on verv infrequent 
occasions arising from enrlv mutation in the growth of the parent culture As 
n second point all colonies appear to be identical in their response to the anti 
biotic, growing if distant nnd failing to grow if close to the penicillin A single 
resistant mutant would grow well and stand out bv contrast with its inhibited 
neighbor, but no such conspicuouslv resistnnt colonv can be found all seem 
inhibited about equallv One mnv then fore assume a smnll number of sensi 
tive cells were present together with the contaminant uml thnt the size eventu 
nllv reached bv colonies growing from these cells was controlled bv the distance 
from the penicillin source 

A ours sinccrelv, 

Arrxox Brvsos 
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DB EDAVARD S AAHLLES, Saranac Lake, X T—I am verv much encouraged by 
Dr Auerbach’s paper I have been one of the most ardent disbehevers m the death of 
the tubercle bacillus At an open meeting recentlv. Air Steenken assured us that the 
organisms -were dead and, at the same panel table, I assured the audience that thev must 
not believe a word of it His low percentage of cultures in animals lent a good deal to 
his side of the argument Now that Dr Auerbach has told us about 73 per cent positives, 
I feel that if he goes on with his present methods or possiblv finds an even better method, 
his 73 per cent will rise to 9S peT cent I hope that a wear from now Dr Auerbach will 
come to Atlantic Citv and show us a much higher percentage than even 73 per cent 

I should like to a«h if this experiment is being earned on with another group of cases 
that have had streptomvein thernpv dailv 

DR OSCAR AUERBACH East Orange X J (Closing)—In answer to Dr AUelles’ 
question I should like to sav that beginning last month we have started a joint studv with 
Dr D E=opo and lus group at AA"est Haven in which he is submitting his material to us at 
the beginning of each month, and we at East Orange are processing our matenal at the 
end of each month, and we hope in that wav to be able to answer one or both of the 
questions brought up in onr discussion 

There arc one or two things I would like to sav about this studv One is that this 
bosicallv is a research problem, the routine laboratorv does not have the facilities to 
carrv on this extensiv e hactenologic studv Another point of interest is that those cases 
in which we enn find no communicating bronchns at the time of gross examination are 
submitted for s C nnl sections another procedure which cannot be done in the routme 
laboratorv I should like to Tuterate at this time that when we made the statement that 
the necrotic foci which have never liquefied do not communicate with the bronchus, this 
has been ascertained hv serial section AVe do not consider the small necrotic foci poten 
tiallv dangerous on the basis of these serial studies Thnt the process is open to manv 
questions is illustrated bv the fact that one of the cases gave a positive sputum bv smear 
and culture «hortlv before section AA"e saw nothing on gross examination except small 
necrotic foci and when we proceeded with serial section of the lung we found a partiallv 
epithelucd cavitv with a few Langlians giant cells still present m the wall without anv 
necrotic fragments present Thus the one necrotic fragment still present was evacuated 
prcoporativolv and we were aide to get a positive smear and culture from it 

These are all verv intriguing and almost hopeless problems from the point of view 
of rocntgenogrnplnc nnd clinical studies which we hope will be cleared up m the future 



RESECTION SURGERY IN TUBERCULOSIS 
Complications and Aeter-History 

Richmond Douglass, MD,*B B Bosworth, MPE" (b\ imitation), 
Ithaca, N Y, and Tames M Iudd, M D ** (by invitation), and 
K H Chang MD** (b\ imitation), Mt Morris, N Y 

A T THE piesent tune, lesection smgeiy m pulmonary tubeiculosis is in 
the phase of detelopment and study Ryan, Medial, and Welles 1 hate 
pioposcd the thesis based on extensile pathologic investigation, that it is 
feasible to excise lesidual necrotic lesions which constitute a tin eat to the con¬ 
tinued health of the tubeieulous patient Chambeilam and associates 2 haye 
1 e viewed those surgical principles mI nch aie applicable to segmental lesection, 
including the postopeiatne eaie Oui puipose is to piesent a series of pul- 
monan lesections lvhich weie peifonned puisuant to the thesis advanced by 
Rian Medlar, and Welles and m aeeoid with the suigicnl principles described 
bj Chambeilam and associates A ie\ieu mil be made of the type of opera¬ 
tion, the attendant usks, the postopeiatne complications, and the initial period 
of the “after histoij ” These data mil m due comse, peimit comparison 
■until lesults obtained In othei legimens and mil aid m detei mining the proper 
use of lesection pioeeduies 

The present study includes 589 consecutne pulmonaiv excisions foi tuber¬ 
culosis peifonned during the yeais 1949 1953 mclusne, 24C at the Mt Moms 
Tubeiculosis Hospital and 343 at the Hermann M Biggs Memorial Hospital 
Not included aie 10 additional patients whose chests neie opened surgically, 
but in -whom no resection was peifonned because the disease Mas too wide 
spiead in 7, no nodulai disease Mas found m 1, and a change in the patient’s 
condition did not peimit lesection in 2 One of the lattei had cardiac ariest 
treated by thoiacotomv and massage mth complete recovery All the pa¬ 
tients leeencd drug thenpy utilizing stieptomycm paia-aminosalicylic acid, 
isonia7id or vnomvcin in one or moie combinations The dumtion of this 
therapy lined rathei mdeh In geneinl operation mis undeitnken Mhen it 
Mas believed that maximum x-rav dealing of disease had occurred, but no 
arbitrary period of stalnlitv nos icquired Absence of tubeicle baciUi fiom 
concentiated sputum Mas consideied lughlv dcsnalile but not an absolute 
uiterion foi acceptance foi siugeiv An adequate respnatoiv reserye Mas 
a prerequisite and function studies including bronchospirometrv, Mere made 
as indicated 

The patients lime been divided into tno subgioups (1) The “Sahage” 
gioup totaling 110 included 55 patients with thoracoplastv failure, 31 mth 
im lties exceeding 1 cm m diameter persisting under pneumothorax or despite 
chemotherapv S Mith destroyed lungs, 7 Math tubeieulous empyematn, and 
9 m itb bronchostenosis foi these 120 opciations Mere performed, and (2) the 

]{< q i nt til Thlrt' fourth VnnunI Mo. tlnp of The Xmorlcan Wociatlon for Thoracic 
Mitm at Montn ml Quebec Mni *1 *» 1**»4 
lit rmnnn M FIt,F« Memorial Hospital 
Mt Morris Tutot.rcu1o*!* Hospital 
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“Elcctii e” group, totaling 397, had 469 operations The indications foi opera¬ 
tion in this group were the piesumed presence of necrotic lesions which had 
persisted after a course of diug therapv and the piobabilitv that these lesions 
continued to harbor viable mvcobaetena The hazaid of relapse was thought 
to be moie senous than the usk of opeiation 

OPERATIONS COMPLICATIONS—MORTALITY 

We will renew a total of 589 operations, 74 of which weie on the contra¬ 
lateral lung while S were second operations oil the same side The operations 
are identified bv the largest unit of lung lemoved lessei accessory proceduies 
being omitted That is a lobeetomv with an associated subsegmental resection 
is recorded as a lobeetomv The stage of disease (XTA. Standards, 1950) 
here presented reflects the extent at the time preoperative drug theiapv was 
initiated changes resulting from drug theiapi being disregarded 


Table I Operative Procedures bv Stage of Disease Prior to Dreg Therapt 
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STAGE prior TO 

DRUG THERAPY 



1 

i 
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FAR 

rrocET»rrr 
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VU procedure? 
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40 

_ 

10 

30 
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5 

S2 

42 

Secmemnl rejection 

214 

3S 
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27 
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71 
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Tunr II Xi wnrR and Tate or Operative ProcEotTEs bv Tear and Subgroup 



i tot\l ] 

i rrocrm'TEs ' 

PN El MOXTC | 
TOM’* 

| LOBECTOMY j 

SEGMENTAL ] 
RESECTION ! 

SUBSEGMENTAL 

RESECTION 

sr\r or 1 
OPERATION 

Ism | 

\ \CE ! 

rirc 

TIVE 

| ^\L 1 

• \ \rE 

FI EC I 

tive 

SAL | 
VVCE 

ELEC 1 
TIVE 

SAL 1 
^ \CE 1 

ELEC 

TIVE 

SVL- 1 
VAGE I 

ELEC 

TIVE 


IS 


19 S 


1040 

IS 

4 

6 

_ 

0 

1910 

on 

16 


1 

12 

mu 


61 

10 

1 

n 

mi” 

13 

201 

0 

i 

6 

19jl 

17 

IS', 

10 

1 

17 


6 

II 

20 

10 


Ed 

71 

04 


T\ntr ni Oyi^fs of Death Postornr \tiyf \\n Latet 


Ihnth*—rnrhi jioifoju rnlu t 
CTnlion«pirMorr fnilure 
Sericm? Rlnoil ]o== 

11'i'iiHr nviitlont 

Ttilr-ipnlmonm Bleed,np 
C-irdne •\rrp<4 

1 nvti' iv< tuL r ulu-is (cpn-id, 
P'-nf/n nfltr rn 

TnL r cnntrnlit. t-U nt 27 mo 

iRiO'.nl <li , im n t 40 mo 
- _ ) o v pl ii »■<! h. n mpl\ m-j nt V*. mo 

1 'll v- 


SALVAGE 


6* 

0 

1 

1 

1* 


"-'ll (It innlrtlutt 1 t, nn< In e-, c l> croii|> 


9 


197 


1 

1 2 

2 25 

3 109 

3 60 


FI ECTIVF 


.xphiutri SZT™ i n «'** 

Mmws Ihe distribution of opintmns gnphiealh 














13S 


THE JOURNAL OF THORACIC SURGERA 


Table II presents by calendai year the number of elective and salvage 
operations peifoimed and reflects a change m the choice of theiapv, based m 
part upon the obsen ed safety of the pi oeedui es used 

Deaths —Table III shows the 19 deaths, all but 3 of which occuned within 
sixty dajs aftei suigeiv Fourteen of the eaily deaths weie dnectly related 
to the operation while 2 weie due to piogiessne tubeiculosis following a post 
operative spread of disease Of the late deaths, I was due to an exaeeibation 
of tuberculosis, 1 to amjloid disease, and a thud to an unexplained massive 
pulmonary hemorrhage oecurnng six months aftei operation 



MINIMAL MOD ADVANCED FAR ADVANCED 


Pie 1—Pulmonarj resections for tuberculosis b> portion of lung remcned and stage of disease 

Table IV shows the deaths m relation to the type of operation 
Complications —The frequency and severitv of nonfatal complications is 
paiticularly important in assessing the use of surgerv in “elective” coses 
Seventy-nine or two thirds of the 120 sahage operations and 387 or four fifths 
of the 469 elective procedures were uncomplicated 


Table TV Deaths To Show Risk, and Time of Death in Relation to Operative 

Procedure Used 



TOT VL PROCEDURES . 


NUMBER OF DEATHS 

PROCEDURE 

S \LV \GE I ELECTIVE 


SALVAGE | ELECTIVE 

Pneumoncctomv 

3G 

4 

Postoperative 

Late 

G 

1 

Lobectomv 

57 

TO 

Postoperative 

Late 

5 1 

1 

Segmental rejection 

IS 

ms 

Postoperative 

Late 

— 2 

a ~ 

Suli'egmejital rejection 

<1 
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Postoperative 

La tc 

— 2 


Table V shows that serious complications were significant^ more fre 
quent among the sahage operations than among the elective operations and 
more frequent among lobectomies and pneumonectomies than among the less 
extensiv e excisions 
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T VBLE A 


Complications BY Operation, Salvage or ELzmvx.JL n^J^^ces op 


TOTAL 

LUNG 

LOBE ( 

| SEGMENT 

1 SUBSEG 

S 1 E 

S 1 E 

S 1 E 

1 s | e1 

| S | E 


~totm. nlmuet of ppocedures 120 46Q 36 


57 


70 IS 10S 


SEJUOVS COMPLICATIONS AMONG 

sir visors 


A oscular accidents 
Tulicrculous empvema with bron 
chopleural fistula 
Xontubcrculous empyema with 
bronchopleural fistula 
Xontuhorculous empyema without 
bronchopleural fistula 
Tuberculosis of bronchial stump 
Tuberculous spread (within 2 mo 
of operation) 

Imte tuberculous exacerbations 


3 
1 

4 
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Total serious complications 
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Miscellaneous minor computations 

- 

2 
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- 
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2 

- 

- 

Total minor complications 

q 

67 

1 

- 

7 

6 

i 

43 

1 

17 


It is convenient to discuss tlie complications m i elation to tlie site of oc- 
eurieiice pulmonan vasculai system, pleural space, and bronchial tree 

1 aiculur accidents The S vasculai accidents occurimg during surgery 
"tic iclatneh more fiequent among the salvage cases Because of bleeding 
fiom tom vtssels 2 planned segmental lesections and 2 planned lobectomies 
Mine < omerted to pneumonectomies, 1 of the patients m the lattei group died 
In 2 of the removed lungs, the pathologist noted unusually thin pulmonary 
arterv mils with associated delieate lung structuie In a fifth case a tom 
h ft pulinomirv irteiv was closed bv sntmes at the pencaidium, resection was 
not performed, but cvanosis persisted to death liouis later Peinnssion for 
nitopsv was not obtained A tom left pulnionarv aiteiv duinig lobectomy 
of a residual lower lob e was controlled but the patient died due to excessiye 
volume of blood loss Tn 1 c ise bleeding was a fnctoi m cardiac arrest In 
Hie uirhtli <,isi the ligatures slipped fiom the left pulmonary artery just be- 

lorc < omphtion of a pmnmoi.eetomv The bleeding was controlled and the 
patu nt ru cured 


r/nmd spare canpl,ratio,,, Chamberlain and co-vvorhers hay e empha- 
W " " ne<r ‘"' ,t ' vvncuntmg ur and blood from the pleural space and 

° f ^ tlns^problem 
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(a) Air enteis the pleuial space fiom tlie iuyy lung surfaces Y\lnch are 
piesent folloYYung lesections with the exception of a few lobectomies and the 
pneumonectomies As a lule, tlus leakage of an has its ongm in aheoli 01 
small bronchi and is attubuted to “aheolopleiual fistulae” b} Johnson and 
Kiiby, 3 but it may also be due to impel feet bionehial stump closme The 
postoperative management is designed to le expand the lung to bung about 
apposition of tissues aud theieby to promote healing With good response, 
suction can be discontinued in forty-eight to seventy two houis, but if re 
expansion of the lung is sIoyv, suction foi as long as tlnee Yveeks is occasionalh 
requn ed 

Apical pneumothoiax pockets may peisist despite effoits at re expansion 
Obsei rations hi' needle aspiration have demonstiated that some may have 
a small bronchial opening 

Pneumothoiax nun reem two to ten dais aftei suction is discontinued 
and on one occasion in oui experience it de\eloped aftei se\en weeks These 
pneumothoiaxes aie usually due to “late leaks” 01 “alveolopleuial fistulae,” 
although thej may be a manifestation of a true bionehoplemal fistula The 
distinction between these types of an leakage has not been clearly defined, 
but appeals to be ical It is suggested that m futuie studies theY should be 
renewed sepaiateh In oui expenenee, the “late leaks” may be asympto 
matic with pneumothoiax detected only on loutme fluoioscopy, they may be 
noted bj the patient as “noises in the chest,” 01 the} maY r cause significant 
dYspnea On the othei hand tiue bionehoplemal fistula is 1 elated to impel 
feet healing of a bionehial stump and is maiked bv continued fiee Hoyy of air, 
faduie of lung to expand, and the fiequcnt deYelopment of empYcma as a 
complication 

Apical pneumothoiax pockets occuned in 12 patients !) reccncd no treat¬ 
ment and haYe had no complications, 2 yycic tieatcd by thoracoplastY , and 
1 Y\as tieated Ijy thoiacotoni}, decoitication, and lepan of bronchial opening 
Late leaks occuned in 30 patients and lespondcd satisiaetoiih to cithei 
needle aspiration or cathetei suction These, in conjunction Ynth the 12 apical 
pockets accounted foi 42 postopciatne pneumothoiax pioblems FortY oc 
curred after electiYe opeiations and accounted for one half the complications 
occurring in this group Pneumothoiax complicated lobectonn in 2 instances, 
segmental lesection m 2S, and subseginental lesection in 12 

Bionchopleural fistuli occuned in 7 patients and was complicated Ijy 
tubeiculous empYcnn m 4 and nontubereulous empyema in 3 The manage¬ 
ment and couise is discussed m the paragraphs on empiemata 

The incidence of ah eolopleural fistulas has deci eased Y\ith a change in 
management of the raw lung sui faces The initial desire to OYOid distortion 
of lung lequired leaYing the sin faces unapposed The occui rence of late leaks 
led to a police of approximating the pleuial edges Ijy inteimpted silk sutures 
at the site of local excisions oi subseginental icscctions The next step Y\as 
the apposition of the raw surfaces left Ijy segmental lesections whcneYer pos 
sible A limited distortion of the lung was accepted as the price of a less 
complicated comalescence 
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(b) The problem of fluid m the pleural space is more serious than post¬ 
operative pneumothorax 

Nontubei culous empyema occurred in 8 patients It mas limited m ex¬ 
tent in 4 2 of whom responded to antibiotics and 2 to simple drainage An 
infected hemothorax following pneumonectomy responded to vandase and 
antibiotics Bronchopleural fistula mas a complicating and probably causative 
factor of enipvema in the remaining 3, treatment took the form of thoracot- 
omv closure of fistula, and limited thoracoplasty and mas successful in all, 
although 1 patient required a second operation 

Tuberculous enipvema occurred in 4 instances—almavs in association with 
a bronchopleural fistula Lobeetomv mas successful in 1 and failed in 1, a 
third patient recoveied following drainage, and the fourth following thoraco¬ 
plasty 

Hemothorax occurred after 12 operations Persistent postoperative bleed¬ 
ing required open tlioracotomv for control of bleeding on 2 occasions, 1 pa¬ 
tient recovered uneventfullv, the second died of overtransfusion Of the re¬ 
mainder decortication mas used once and vandase on 3 occasions, while 6 
patients rccoceied without intervention hut with the expected local pleural 
thickening It is our impression that this complication can he minimized hy 
care in dealing with adhesions Bleeding from pulmonary vessels is, m our 
experience a less common cause Hemothorax of significant degree merits 
prompt attention 

Uninfected fluid accumulations of significant extent, occurred m 5 patients 
and all responded well to aspiration. 

Bronchial Tree —The airwavs mere a less frequent site of complications 
Retained secretions required bronchoscopy m 11 patients This relatiyely low 
incidence lcfleets good postoperative nursing care and the successful use of 
endotracheal catheter snction Only 1 instance of spread mas noted m the 
area of retained secretions 

Ulceration of the bronchial stump was observed in 2 patients One had 
an exacerbation of disease uhile a second had progressive active disease and 
died 


Pnstopcritne spread of tuberculosis was noted m 7 patients, 3 mere m 
the lmmolntcrsl lung and 4 in the contralateral Three have recovered, 2 are 
mrrmth aetne and 2 died of progressive disease 

Other Complications —Other complications noted include tuberculosis of 
tin ilust vail in 1 Xont ubereulous bronchopneumonia occurred 3 times, all 
P Uunts vooocernur \ontnbcreulous chest mall infections of limited extent 
ot(urnd Hi 3 Unintentional interruption of the phrenic nerve occurred m 
- and thrombophlebitis in 1 


'MLiuf.eant complications occurring later than the sixtv dnv postoperati 
m!T i'v, of 11lp ^ twice at seven and eighteen monf 

mm mnntT,: " S 1>,,lm0n " r ' h,1,crculnl;it; Versed between four a 
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THE AFTER-HISTORY 

The first section of this paper has dealt -with the “nsks” of resection 
surgeiy It is now proposed to assess the benefits of the procednie This type 
of surgery has been earned out in the belief that neciotie lesions constitute 
the source of spreads and 1 elapses and that the excision of such lesions re¬ 
sults in. fieedom from exaceibation of tubei culous disease The degree of such 
freedom should be complete if all lesions aie removed and relatively good if 
all filled or open cavities and major areas of disease aie lemoved Medlar* 
has shown that tuberculous lesions m the lovvei poitions of pulmonary lobes 
seldom progress to hquefaction and cavity foimation, unless they are large 
Hence, residual lesions located m the dependent poitions of the lobes should 
have a better piognosis than the lesions of similai size that are located in the 
apical and postenoi segments of the uppei lobes and the supenoi segments 
of the low er lobes 

In our eailv expenence, stieptomycm was given alone with the hope that 
it would piovide bactenostasis during the opeiatne penod It soon became 
evident that long couises of stieptomvcm, paia aminosalicylic acid, 01 isomazid 
in any combination aided the process of resolution of non-necrotic tuberculosis 
and theiebv decieased the volume of diseased lung requirmg resection Ac 
cordmglv, x-i ay stability became a guide to the optimum time for operation, 
but os expel icnce accumulated, shorter periods of preoperative stabihty came 
to be accepted as adequate With the exception of the early short-term 
therapy, drug tieatment in pieparation for surgery was attended by relatively 
umfoim beneficial effect as evidenced both by the pathologic studies and the 
postopeiative course 

It was later lecogmzed that, m spite of long-term diug therapy, areas of 
new disease aie demonstiable in resected specimens and drugs, therefore, do 
not completely prevent extension of tuberculosis despite negative culture find 
mgs on sputum or gastric washings As a corollary, spread during opeiation 
may occur This observation was legarded as an indication for the use of 
drugs for an adequate postoperative penod, the aim being to secure resolution 
of any new area of disease befoie neciosis develops The more recent cases 
lime, therefoie had a minimum of thiee to fom months of postoperative drag 
administration 

The follow-up data will be presented m accord with the anniversary 
method of Boswoith and Ailing, 7 which affords a continuing picture of the 
nfter-historv The present icvnew is of ncccssitv a preliminary repoit, as five 
to ten vears of follow-up wall be requned to give the full story Studies of 
both 1 horacoplastv cases (Douglass 0 ) and minimal cases (Lincoln and associ¬ 
ates'") have shown that relapses continue to occur duiing and after the ten- 
rear period The hazaid of 1 elapse is greatest however, during the first three 
vears after reaching an airested status and this follow-up covering the first 
two postoperative vears should give an indication of the value of these re 
section operations 
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The after-history of the (1) salvage group will obviously differ from the 
elective group and will be piesented sepaiately The elective group will be 
subdivided into (2,a) those in whom only the majoi foci were removed, and 
(2,b) those m whom all lecogmzable disease was lemoved The composition 
of each group by age, sex, and stage of disease is shown in Table VI 

In each subgroup the patient’s status will be reported as (1) “Satisfac¬ 
tory” if sputum and gastnc washing examinations (excluding the first seven 
postoperative days) were consistentlv negative and chest loentgenogiams re 
mained stable (Essentiallv equivalent to Inactive, NT A Standaids, 1950 ) 

(2) “Doubtful” if one to thiee isolated leports of a low-grade positive 
concentration oi cultuie are recoided, the x-iay films being stable (Essen 
tially equivalent to Anested, N T A Standaids, 1950 ) This category is desig 
nated because of unceitamtv as to the significance oi validity of the findings 
The limited laboratoiy data did not wan ant the conclusion that aetne disease 
w as present The aftei history of these individuals is revealing Thus far, 
only 1 has shown evidence of aetne disease at the next anniversary, the ic- 
mainder being well 

(3) “Active” if positne sputum peisists oi lecuis, or x-iay film shows 
evidence of active disease 

(4) “Deaths” occurring within sixty days are recoided as postoperative, 
others as late 

Salvage Cases —Table VII shows the indications for operation and the 
follow-up results at six months Of the 55 patients with thoineoplasty failure, 
32 were classified “satisfactory” and 8 “doubtful” six months following 
opeintion This suggests that among selected cases of thoi neoplasty failure, 
three-quarters maj be expected to be salvaged bv lesection surgery The 
follow-up data of the cases of persisting canty indicate that an equivalent 
sah age may be anticipated Patients with empyema oi bronchostenosis gen¬ 
erally had a fat oi able comse The highest mortality occurred among the 
cases of destroyed lung although the 50 per cent salvage is gratifying 


Table VTI Salvage Gpout Indication for Operation, Status at Six Months 


INDIC VTION 

TOTAL 

SVTISFVC 

tor\ 

doubtful 

ACTIVE 

DEAD 

Total 

no 

07 

14 

is 

ii 

Thorncoplnstv failure 

55 

32 

s 

12 

3 

Persisting cavity, 1 cm 

31 

17 

6 

4 

4 

Fmpvemn 

7 

0 

- 


1 

Bronchostenosis 

O 

S 

- 

1 

- 

Destroied lung 

s 

4 

- 

1 

3 


Fifteen deaths occurred in the group of 110 patients 12 of them within 
sixty dais of operation The results in relation to tape of opeiation and period 
of follow -up arc shown in Table VIIT 

The o\er all outcome for this group is shown m Fig 2 This depicts the 
status of all patients at six months and the expected status at one and two 
a cars based on the assumption that the patients with shorter follow-up anil 
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PROCEDURE 

NUMBER OF 
PATIENTS 

OPERATIONS 

CONTRALATERAL 

SECOND OPERATION 
ON SAME SIDE 

TOTAL 

OPERATIONS 

Pneumonectomv 

36 

- 

- 

36 

Lobectomy 

54 

- 

3 

57 

Segmental 

14 

i 

3 

18 

Subsegmental 

6 

3 

— 

9 

Total 

110 

4 

6 

120 


STATLS AT SIX MONTHS AETEE COMPLETION OF SUPGICAL PROGRAM 



| LLNG 

| LOBE 

S SEGMENT 

| SUBSEGMENT | 

TOTAL 

Satisfactory 

24 

32 

7 

4 

67 

Doubtful 

3 

9 

2 

- 

14 

Active 

3 

10 

5 

2 

20 

Dead 

6 

3 

- 


9 

Total 

36 

54 

14 

6 

110 

STATLS AT TWELVE MONTHS AFTER COMPLETION OF SUPGICAL PROGRAM 

''atisfactorr 

19 

29 

3 

1 

52 

Doubtful 

3 

1 


— 

4 

Active 

2 

10 

3 

2 

17 

Dead 


— 

2 

_ 

2 

Incomplete* 

6 

11 

6 

3 

26 

Total 

| 30 

1 51 

1 14 

1 6 | 

101 

ST\TlS 

AT TWENTV FOUR 

MONTHS AFTER COMPLETION 

OF SUPGICAL PPOGRAM 


Snti'fnctory 

20 

21 

2 

1 

44 

Doubtful 

- 

1 

_ 


i 

Active 

o 

7 

2 

1 

12 

Dead 

- 

i 



1 

Incomplete* 

2 

10 

2 

1 

15 

Total 

24 

40 

6 

3 

73 

Incomplete 
% r nmrj 

Tl c«c patients 

operated on 

too recentli to 

nllou obser\atlon at 

this anni- 




'Or LI t< r\ 


110 SALVAGE PATIENTS 


PERCENT 



"f 11(1 nltuw Pali. nts rlicm Inc n , , 

month** nftcr or* ration 


tucI\o mil t\\ ent> four 
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ha , c a course comparable to those actuallv obsen ed The calculations made 
ham Table VIII m oidei to plot the status at annneisarv are shown 

IX Mccine Wflk Residual Disease -The follow-up of the gioup of 256 elec- 
tnc casts with known 01 questionable residual disease is presented in^ Table 

X which shows the aftei-histoiv m relation to the tvpe of <iperatnon and dura¬ 
tion of follow-up It IS noted that 4 deaths hax e occurred, and that the ram- 
hd with doubtful status declines with time Six of the active cases had pei- 
ststed in this status fiom operation while 2 represent relapses, both homo- 

lateral 

The o\ei all pictuie is shown m Fig 3 


256 ELECTIVE PATIENTS 

PERCENT 



1 — \ft« r hNtorj of „ if o!f*cti\c patient? with rr«lflual •Unease showing status at six 
tu«1\* an«l t\ *nt\ four month** after operation 

Hiclne No Residual Disease —This group of 141 patients is designated 
foi -.cp irate rnahsis because of umformiti of obseriation both in palpation 
"f hnnr tissue tv pc of \ m examinations and studv of lesected specimens 
It is be] hw ed tint all palpable disease m tlic lungs operated upon was renioi ed 
ami tli it the opposite lung showed no x-rax lesion (plaingrams hanng been 
mub ) Ti the thesis is lain! that neciotic lesions are the linking place of 
turn rth baiilh and hence are the c lose of exacerbations then this special 
L’nmp should lu free from future manifestations of tuberculosis oi at worst 
should hm i low inudciu e of relapse 

Tin jmsp.p, ratm elmii d course of the 141 patients lus been quite fax or- 
l " ^ ""’“'hs 1 patient had hid four posifnc concentrates and was 

[daod on druc tlici ip\ watli subsequent eomersion of sputum This was the 
" n ' , ’ t! " n - ir ded as t fnilim I iw other-* weie at some time m ‘ doubt- 
mi stains 1 bad one bacillus on concentration on one occasion, 2 had one 
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colony on cultuie on one occasion, a fourth had thiee cultuies of acid-fast 
oiganisms one of which on test failed to kill a guinea pig, while the fifth, at 
the second a eai had one colony on cultuie which failed to infect a guinea pig 
The pioceduies used and follow-up in this gioup aie lecoided m Table XI, 
40 patients hating had bilateial opeiations No figme is needed 


T VBLE X ELECTIIE GROW 2, A PATIENTS W ITU RESIDUAL DISEASE, TtFE OF OPERATION, 

and After Histori Status 



NLMBER OF 

OPERATIONS 


1 SFCOND OPERATION , 

TOTAL 

PROCEDURE 

PATIENTS 

CON TRALATER YL 


I ON 

S VME SIDE | 

OPERATIONS 

Pneumonectom\ 

3 


- 



- 

3 

Lobectoim 

50 


3 



- 

53 

Segmental 

03 


11 



i 

105 

Subseganental 

110 


16 



i 

127 

Total 

256 


30 



9 

288 

STATLS AT SIX MONTHS \FTER COMPLETION 

OF SURGICAL PROGRAM 

1 

I L NO | 

LOBE 

| SEGMENT 

| SUBSEGMENT | TOTAL 

Satisfactorj 

3 

•12 



ro 

93 

217 

Doubtful 

~ 

7 



0 

11 

27 

Active 

- 

- 



3 

4 

7 

Dead 

- 

i 



2 

0 

5 

Total 

3 

50 


03 

110 

256 

STVTl S 

AT TWELVE MONTHS AFTER COMPLETION OF SURGICVL PROGRAM 

Sntisfnctor) 

3 

10 


45 

77 

144 

Doubtful 

- 

4 




5 

11 

Active 

- 

- 



3 

4 

7 

Dead 

- 

- 



- 

- 

- 

Incomplete* 

- 

26 


41 

22 

SP 

Total 

3 

40 


01 

108 

251 

ST \Tl S \T TWENTY FOL P MONTHS AFTER COMPLETION OF SI ROICAL PROGRAM 

^atisfactorv 

1 

16 


22 

21 

GO 

Doubtful 

- 

- 



1 

1 

2 

Active 

- 

- 



- 

2 

o 

Dead 

- 

- 



- 

- 

- 

I'm omplete* 

0 

7 


27 

62 

os 

Total 

3 

23 


50 

S6 

162 


•Incomplete Tlie«e patients operated on too recent!' to allow observation at this annl 


\ ersarj 


Tifty-eight of these had minimal lesions, SI weie model ately advanced, 
while only 2 weie fai adtanced Twentt one had netei had tubercle bacilli 
demolishnted The surgical judgment displaced in opeinting on these mac 
be open to discussion 

A review of the pathologic reports howecer shows that among the 21 
patients who had necer had positice sputum one cncitc lemnnnt eras demon 
stnble while 11 had neciotic lesions 1 cm or moie in swe All but 1 had 
definite neciotic lesions—this patient showing scan mg and focal pneumonia 
Of the rem lining 120 patients 05 fifteen of them minimal had evidence of 
open m filled-in cacitc bronchial communication being demonstrated by wire 
probe or landom sections in 27 Tour others had bionchial debus indicating 
a connection This eompaies with 9S bronchial communications demonstrated 
in 141 filled-in cacitics found in adcaneed cases and studied intensiceic bv 
Medlar’ One other point of interest m the icciew is the fact that abnormal 
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bronchi were noted m 10 This compares with the finding of concomitant 
tuberculosis and bronchiectasis in 26 of a senes of 295 specimens stndied br 
Medlar s 

It is also significant that m the group of 5S minimal cases 1 had the ma^oi 
focus iu the middle lobe, while in all others the maicn focus occurred in the 
apical and postenor segments of uppei lobes or the supenor segments of the 
lower lobes M'hen all excisions including calcified nodules were counted 
three fouiths were in the supenor poitions This is consistent with Medlar s 
findings m necropsv studies 


Table XI Elective Grocp 2, b Patients With No Recognized Residual Disease, Type 
or Operation and Aetet Histopy States 


rrocEDURE 

VCMBEP OF 
| PV.TIENTS 

OPERATIONS 

CON TRA LATERAL 

SECOND OPERATION 1 
ON SAME SIDE j 

TOTAL 

| OPERATIONS 

Pneumonectomv 

i 


- 


- 


i 

I oltectomv 

15 


- 


- 


15 

Segmental 

74 


IS 


— 


02 

sul^egmcntal 

51 


■>o 


- 


73 

Total 

141 


40 


- 


1S1 

STVTTS \T SIX MONTHS 

VFTEF 

COMPLETION 

OF SURGICAL PPOGRAM 



1 LUNG | 

LOBE 

| SEGMENT 

| SI BSEGMENT | 

TOTAL 

sati«f ictorv 

1 

14 


71 

50 


136 

lloulitful 

- 

1 


O 

i 


4 

Aotire 

- 

- 


1 

— 


1 

De-el 

- 

- 


- 

- 



Total 

1 

15 


74 

51 


141 

ST\n a AT TWEIVE MONTHS AETEP COMPLETION OF SI FGICAL PrOCRAM 

satisfa, ton 

1 

14 


45 

20 


SO 

Doubtful 

- 

- 



1 


1 

Actirc 

_ 



_ 




1)10,1 

_ 



_ 




Incomplete* 

- 

1 


20 

21 


51 

Total 

1 

11 


74 

51 


141 

ST ATI S AT TAATNTA PUP MONTHS AFTEF COMPLETION 

OF SERCICAL PPOGRAM 

* S iti«fn<*tnn 

1 

4 


14 

s 


°7 

Doubtful 

- 

- 


1 



1 

\< tir» 

_ 

_ 






Pea cl 

_ 

__ 






Inrompli to* 

- 

10 


ao 

22 


62 

Tot ,1 

1 

14 


45 

so 


Of) 

Mnmmp! tr 
vor*'\rv 

Tlx pitl^nt* o|y mte<I on too reeenth to 

allow observation 

at tl\l* annl 




Xo data on the bactenologi of excised tissue are presented because this 
pm , ,m is m a state of flux Bacteriologists recognize the need for research 
, 11 , ' 1 " h ° howeier that wlienei er thorough seaich of necrotic 

' M " ns lno,ni carried out tbev were alwais demonstrable in 

n'.’tVm V 'f SU,,h0(1 T '° necrntlc 111 resected specimens from 145 

1 Us If onl\ one iu erotic legion from a patient was examined two thirds 

r n rT " !,rn ,hrp< ' w mn " —e examined tubercle bac.ll were 

found ,n the , xc ised tissue from oa era patient 

SU MM ARY 

MU " h »-' procedure 1 ; for tuber 
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2 A salvage gioup of 110 patients had 120 opeiations with 11 postopera- 
tne deaths and 3 late deaths Theie weie 13 senons and 9 minoi postopein 
ti\e complications Eleven tubciculons complications occuned 

3 An electne gioup of 397 patients had 469 opeiations with 4 postopera- 
tne deaths Tlieie weie 16 senous and 67 minoi postopeiatn e complications 
One tubeiculons comphcation occuned 

4 Study of aftei-history gave the follotving lesults 

(1) The sahage gioup of 110 patients shows that at two jeais 70 per 
cent uere well, 18 pei cent weie active, and 12 pei cent were dead 
(2,a) The electne gioup of 256 patients with residual disease shows at 
two veais 95 pei cent well, 3 pei cent nctne, and 2 pei cent dead 
(2,b) The electne gioup of 141 patients with no leeognized lesidual 
disease shows at two yeais no deaths and no patient with actne 
disease 

5 A leview of the pathology of the 141 patients in the latter gioup 
showed neciotic lesions present m all but 1, while 65 had evidence of open oi 
filled in cavity 

We wish to express appreciation for the interest and help given bj Dr Ramon Lanos 
Contreras, Dr Joseph J Krejci, Dr Dennis At Rosenberg, and Dr Rnlph V Ramirez in 
analyzing the case histones, and to Dr Ramirez for his review of tho pathology 
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T UE COORDINATION OF SURGERY AND COJEBINED 
CHEMOTHERAPY IN THE TREATMENT OF 
PULMONARY TUBERCULOSIS 

Auked M Decker, Jr , HD, Richmond, Ya, (b\ invitation), James Y 
Rvleigh, M D , Slxmount, N Y , (bv invitation), and 
Edward S AVelles, M D , Saranac Lake, N Y 

PROLONGED combined chemotherapy with various antitnbercnlosis drugs 
l m waning regimens is still by no means adequately evaluated Since late 
194b when the first patients receiving prolonged streptomycin and PAS ther- 
api v ere studied, 1 an attempt has been made to use only clear-cut, gross, and 
simple cntena for evaluation of this and other therapeutic legimens Vari¬ 
ables introduced by adjunctive collapse measures have puiposefully been kept 
(o a minimum The great individual variable of bed lest has been practically 
excluded bi the restless nature of the young veteian as a patient 

Thus, In using the criteria of positive or negative sputum cultuies, open 
or closed lesions In rigid ladiologic exammation, and the occurrence or ab¬ 
sence of relapse, an attempt has been made to evaluate the effectiveness of 
chemotherapa alone 

Stimulated In Dr Medlar’s evidence 1 3 that closed, caseous, necrotic foci 
persisting after all tapes of theiapa are aery probably the "seed beds of le- 
1 ipse," an active program of resection of these and othei lesidnal lesions has 
been earned on concurrentli Through reasons of selection, which at first 
wore laigela accidental and onla recently have become m part purposeful, 
there have been collected two senes of patients Both were treated to pie- 
sumed maximal benefit with chemotheiapa Then one group was resected, 
and one was not The clinical aim geneiallv was to carry the patient to maxi¬ 
mal benefit on ehemothcrapa and then, if possible, to resect any residual lesions 
with a view to preventing relapse 


VI VTERl VL 

1 ig 1 demonstrates the effectiveness of original streptomycin and PAS 
tlieripa on 179 consecutive cases of sputum-positnc, cautary tuberculosis 
l sing onla tin critciia of sputum hacteriologa on cultiue and the presence or 
ihsuiu ot open lesions ba roentgenogrnpha including periodic planographv 
we ib ailop three categories The Open-Positiae group, which constituted 100 
per < ent it the onset of tlici apa, is 23 pei cent after eight months of continuous 
• oinhnn d drug tro itmcnt However although 77 per cent of the total had 
iimviitnl ihur spm i lor tluoe months m longer dunng eight months of ther- 
ipv onla .) pci (out had closed all their open lesions A portion of the con- 
" n , ' " s ' m ,ml ‘oincrsmn late mcicasc noted after eight months is an arte- 
1 1 -1 due to run,,v d iron, the studa ha surgical mtci volition, of a few cases felt 
IIHKI n iilih, lv to acliuvc Civita closure 

M,r ” «* ' " nu " f Tl,f rlcin '-elation for Thoracic 

W rV '' V " Y ^At Y AY 'YYY&r "<* .« 
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The phenomenon of sputum conversion foi thiee months or longer, as 
socmted with failure to close all lesions, yields the group of Open Negative 
patients These constitute fiom 20 per cent to 40 pei cent of the total at van 
ous penods throughout twelve months of chemotheiapy 


SPUTUM CONVERSION R CAVITY CLOSURE 
% in ORIGINAL FJ, SM + PAS 



The patients who close all then lesions always commit then sputa as well 
Tins Closed Negative gioup ultmiatelv compnses about 50 pei cent of the 
cavitarj lesions tieated The phenomenon of sputum i elapse during combined 
chcmotheiapv noted in the Open-Negative gioup is not obseived in the Closed- 
Negative gioup It is vvoith noting that a concunent senes of 89 consecu- 
tivelv treated patients who (ltd not have cavitj at the onset of cJiemotheiapj 
all conveitcd then sputa m less than eight months, and none of these relapsed 
during continued diug tieatmeut Tins type of case swells the Closed-Negatn e 
gioup in any cluneal senes and, m so far as we can doteimine, Closed-Negative 
patients behave exactly alike bv our critena, whether the;> closed dunng ther 
npv oi w ere not open at the onset of therapj 

Failuic to conveit sputum oi ielapse to positive dunng continued chemo 
theiapv is aluayi associated with persistence of open lesions 

The next item we feel important to dcteinnne, after establishing these 
tlnee citegones of response noted dunng piolonged combined theiapv, is the 
fate of each nftei discontinuation of the diugs 

The ailntrarv minimal period of eight months of theiapv chosen for the 
unresected cases m Table I was exceeded bv main months in most Vc know 
of no convincing data delineating the optimum duiation of c IToctiv c combined 
chcmothei ipv 

Vo peihaps hnv< had exception dh pooi luek with our patients who failed 
to convert the Open Positivc group This mav be because thej refused, or 




tJFCKFR ET \L SCTC.EKY AXD CHEMOTHERAPY IX PLLMOX1RY TUBERCLLOSIS lo3 

Table L Follow n—U ntesected (Original Streptomycin and PAS Eight Months 

or Longer) 


STCTCS ATI-1SCON ] 
nVOATION OF 
CHEMOTHERAPY 

1 N0 
patients 

i DEAD OF J 

[ Tl BEFCCLOSIS 

| NOW ACTIVE 

NOW INACTIVE | 
. OR i 

| NON ACTIVE 

% INACTIVE 
OE 

NON ACTIVE 

Open Positive 2o ‘ 05 

Clo=ed Negative 01 0 3 

Open Negat.ve 27 4 U .... 9 . 33 


v. Gre unsuitable candidates lor, any adjnnctn e measures Most of those with 
significant follow-up antedated the aYailabilitv of the newer antituberculosis 
drugs Of 25 patients who had original treatment with streptomycin and PAS 
for eight months or more, and who failed to concert and close, 1 are dead of 
tuberculosis and IS have continuing active disease 

Of 5T who achieved a Closed-Negative status with the same chemotherapy 
program, 95 per cent are mactne or nonactive for periods up to four years 
after discontinuation of their drugs 

Of the 27 patients given oiigmal streptomvcin and PAS therapv for eight 
months or longer, who concerted their sputum but demonstrated residual open 
lesions radiologicallv at the time the diugs were discontinued, 18 relapsed to 
a franhh actne state, mosth within one yeai This phenomenon of relapse 
after chemotherapa w as suggested m Fig 1 In. the small, but definite, relapse 
incidence noted during continued chemotherapv among these Open-Negative 
patients 

This is a ncecssarv tvpc of base line data, admittedly still scanty in num¬ 
bers upon which \u must enluate the therapeutic effectiveness of surgical 
mtmention both now on a short-term basis and as \eais of follow-up ac¬ 
cumulate If we do not place our cases in some such categories, we cannot 
e\cr hope to untangle the mass of clinical repoits ulreach accumulating "When 
one tries to evaluate reports of seieral hunched cases apparentlr of all three 
categories resected dating cliemotherapi it is confusing to know that relapse 
of patients treated to a Closed-Negatne state and not resected is ven rare 

Table II presents follow-up data on the three groups leseeted The same 
data shown m Table 1 are again included with each categorv for convenient 
< oinpanson 


Tunr II Foiiow cr— ItESEcrrn \s Injected 


s'vi vr 1 rsrcriciN j 

NO 1 

peai> or | 

TUBE? 

\ou 

NOW IN I 

\cnvx on 

IN \CTH E 

u f 1***1 CHJ MOTHl l«Ap\ 

| l V TIE NTS 1 

CTIOS1S ! 

\cnvE 

NON \CTIYE 1 

NON \CTTTE 

, J < <S t<v| 

0|« 1 IN Min, 

45 

( 7 bilatenl) 
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Tlie salvage of 78 pei cent thus fai m the Open-Positive lesected group is 
iciv cncouiaging Howetei, 22 pei cent of some tjpe of clinical failure still 
lea-vcs a gieat deal to be desned The lesected and umeseeted Closed-Negn- 
tne cases as aet show no significant diffeiences m follow-up The rationale 
for lesectnig these closed lesidua ongnmllv put foith hefoie this Association 
bv Drs Eian, Medlai, and Welles m 1951 ; is still icn appealing in mam waas 
If aa*e aie in any doubt about the effeetn eness of new ding combinations, or 
the degiee of diug sensitivitj at the onset of therapy, we still feel it is safer 
In far to resect lesidua of this type until piolonged obseraation of uniesected 
conti ols demonstiates they may be safely left in Lest time find us wnth in¬ 
adequate data on ding-sensitn e patients who achieve the Closed-Negative 
state, we still uige that at least a poition of such cases be lesected in those 
institutions qualified foi adequate clinical folloav-up 

It is avitli the Open-Negatne patients that we haae found the most giati- 
fying lesults of lesection duniig piolonged chemotheiapy The marked de 
gree of bactenal suppiession m these cases, despite the latent tendency to le 
lapse noted in the uniesected patients, allows lesection wnth few r oi no tubei 
culous opciatne compbcations The sahage of 97 pei cent as compaied to 
33 pei cent of the umeseeted gioup gnes us cunently a lathei cleai cut 
operatn e indication 


Tuije III CoauucvnoNS in 403 Thoracotomies in 373 Patients Including 10 
Pnfi monectomies, 05 Lobectomies, 147 Seomentals, 211 Wedges 


nontibercclois 

! 

tuberculous 

Operatne deaths 

3*(0 0%) 

Spread 2* 

Torn pulruonnn artcri requir 


BPF with tuberculous empjemn 2* 

uig pnoumonoitoma 

2 * 

stump ulcer 2* 

Spnco requiring thorac oplasta 
SuWnpulnr infiition 

14* 

Tuberculous infection pulraoimn 2* 

3* 

operative defect 

Bleeding requmng SIv SD or 
rcoperition 

IS 

Transient BPP closed dnunngo 
only 

5!) 


I3Pt tnitul l>\ thorn cot onn 

3 


P«*\cho*n 

3 


Plirenic section 

■> 


Homologous scrum jaundice 

1 


Transient hemiplegia 

1 



•T 1 »o*l complication^ \icldlnp u Instlnp deficit totaled 10 or fi (Includes oj>crntl\c 
deaths) Oi*en Po«*ltl\e I-*" Open Ncpatlxe G r r and Closed Nep:atl\e 
SD = strof)toklnn«ie-*stre/itodomn«:e 
HPF = bronchopleural fistula 


COM1 L1C VTIONS 

It is necessma tint opciatne mortnlita and moibiditj be considered in 
ana* caaluation oi suigieal interference We haae not found these fnctois in 
am wn prohibitne Table III is a simplified listing of operatne moitnbtv 
and sigmtieant opciatne morbidity encountcied m 4G3 thoracotomies lmoil¬ 
ing 373 p itients These included as the maim operatne procedure 10 pneumo 
ncctDimes 93 lobectomies, 147 segmmtal resections, and 211 wedges Of the 
three dc iths one patient expired of the complications of a lower nephron 
nepliiosis after lobectonn one died inimediateh following biopsv of a lung 
imolaed with both tuberculosis and an A\erza like complex, and one died of 
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difruse uncontrollable hemonhage during a ssedge resection We nant to di¬ 
rect a our attention to those complications, marked with the asteiiskwhie 
were felt to leave the patient with some lasting defect not anticipated whe 
resection uas undertaken These include the opeiatne deaths, the extension 
of the resection to pneumonectomy because of an mepaiable opeiatne ace - 
dent thoiacoplasti for postoperatne space pioblems subscapulai infection, 
and all the tuheieulous complications as listed, spread, fistula mth specific 
empAoma, tuheieulous stump ulceis, and tno tuheieulous infections of very 
localized opcratiAe defects within the parenchyma The fact that sex of the 
total of eight tuberculous complications octuned in the Open-Positn e gioup 
accounts for the only diffetence m significant complications m the three cate 
goncs discussed 

DISCUSSION 


Explanations foi the high relapse rate in Open-Negatn e patients, un- 
rcsccted, aic possiblA complex The ouly significant data ayailahle to us, hoiv 
ca cr, come from the bacteriologic examination of lesected material by culture 
and guinea pig inoculation Table IV summarizes oui findings m all three 
groups bv these methods It is not surpusmg that 98 pei cent of the Open- 
Positnc patients yielded a positne specimen Of 20-4 patients lesected after 
being dosed and negntnc foi at least thiee months, only 18 pei cent haAe a 
positne culture oi guinea pig from the specimen despite the fact that oyer 80 
per cent were positne on smear 


Tonr, IV B\cTr.noi.ocic Data on Resected Lesions 
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1 PVHENTS 
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44 


9S 

Open Kegntoe 

02 

37 

40 

Closed Xcgntne 

204 

40 
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The Open Xegatn c gioup, smnlaih studied Anelded groA\th of tubercle 
bacilli in 40 pei cent of patients The reasons for negative sputa in these 
patients uni he siniph mechanical Win only 40 pei cent of this categoiv 
pi educed a positne culture aaIiiIc GO pei cent of sunilai patients umesected 
i elapsed nun he explained m pait In the fact that A\e noA\ feel obliged to 
resect nml unhide m the Open-Xegatne gioup open lesions Avlnch may occa- 
Nienall\ proie to he blobs pneumatoceles oi casIic bronchiectasis We do 
not tul \\e can snfeh difierentiate these lesions fiom frank residual eaAities 
h\ earn lit clinical and radiologic techniques Bionchogrnpln has as Act pmed 
of little asM-4'into 

If AM accipt the nppaicnt clinic il application of these data, and choose 
Jo mtnfire surgicallA amIIi those c ncs nntinlh susceptible to chemotherapA 
>m fnline to dose thin ca\itics during tieitment the next question is that 
oi timing The following Ihiei factors seem import int to us in the timing 
<u nsoctuin flurinp ohomothorn|n 

Ihrst alientime for maxunnl resolution of rcAcrsihlc disease mil permit 
ns. i lion m a minimal iinonut of lung tissue The incidence of significant 
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opciatne complications decreases in diieet piopoilion to the magnitude of the 
lesection Fiutlieimoie, the substitution of a wedge 01 segmental lesection 
foi a lobectomy allows us to dodge the unceitam issue of ov ei expansion 

Resolution of tnbeiculous pneumonia is geneiallj complete In foui months 
of effective chemotheiapv The fuitliei slow clearing sometimes obsened 
to continue foi main months may be vanously mteipieted as lesolution of 
the gianulomatous 01 “piolifeiatn e” manifestations of the disease slough 
mg of neciotic foci tluough bionelnal commuineations, 01 the inspissation of 
necrotic foci 

In any case, patients with significant pneumonic components piobahh 
should be allowed a minimum of foui months of chemotheiapv befoie lesection 
is consuleied Continued appieeiable lesolution fiom month to month mnv 
encouiage fuitliei delay 

The second factor in timing is bactenal Resections earned out duiing 
penods of bactenal suppiession seem to incni almost no tnbeiculous opeiatne 
complications Clinically, oui expenence suggests that we utilized this fac 
toi in our Open-Negative and Closed-Negative cases In the Open-Positive 
gioup both the period of maximal bacterial suppression and that of sus 
ceptibility of the patient’s oiganisms to the drugs used had geneiollv been 
passed when smgical mteifeience was elected The OpenPositne gioup 
resected, also includes ceitain patients with open lesions whose sputa w r ere 
negative foi three 01 more months before relapsing to positive during com 
bined chemotherapy Therefore, it would appear that m the peisistentlv Open 
patients whose quantitative sputum baetenologv declines rapidly to negative, 
lesection if feasible should be cained out befoie the occasional “escape” of 
the organisms This occtmed no earlier than seven to eight months after onset 
of chemotheiapv (See Pig 1 ) 

In the patients who never conveit, theie is almost always a period at 
about four months of chemotheiapv when the bacterial population of the spu 
turn is veiv low and still drug susceptible This is succeeded after a period 
of usually no less than two months bv an incicosing population of increasingly 
resistant organisms 

Fig 2 shows the incidence of licaw positive sputum cultuics during original 
stieptomvein and PAS tieatment Note that at foui months theie me none with 
peisistmg licaw giowth The IXJI cuivc is supei posed foi eompaiison 

Fig 3 shows the rate of development of resistance to theiapeutic concentra¬ 
tions of stieptomvcui and/oi PAS dining ongmal tieatment of 50 patients 
who failed to conveit This is a retrospective stwlv of the Open Positive group 
Bv six months, ovci 50 pci cent were alrcadv showing significant resistance 
The thud faetoi vvoithv of some coiisideiation m the question of timing re 
section is that of eavatv closme If we arc to draw am conclusions from our 
experience with resection of closed lesions residual after eheniotherapv, vve mnv 
sav that pci haps it will ultimatelv lie shown that thci need not be removed 
Therefore, it seems pi actual to explore vigorouslv the value of adpinetive col 
lapse measures earlv in chemotheiapv These mnv include bed rest, pneumo 
peritoneum, and perhaps even a i evaluation of piienmothoiax Monaldi di un 
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ace, with and inthout thoraeoplaste, has pioved of \alue in effecting closure of 
huge cavities during ehemotherapv If bv these methods we can close a 
cavitA before druu resistance has dee eloped ne can expect comersion to the 
Closed-Xegatnc state This Mould then dnect evaluation of further surgical 
inter!ention to that categorv 
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SUMMARY 

In summan, tlic problem of lesectmg piilmonaiv tubeiculosis during ef¬ 
fective chemotherapy requnes valuation in the bght of the response of the in¬ 
dividual patient to chemotheiapv An attempt has been made to develop three 
cleai cut clmicalh applicable eategoues of lesponse foi use in this evaluation 
Factors which may influence the timing of various tj^pes of surgical niterfeience 
have been mentioned 
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Discussion 

(Papers b\ Douglass, Bosworth, Judd and Chang, and Decker, Raleigh and Welles) 

DR JOSEPH GORDON, Albuquerque, N M.—I should like to bring to your ntten 
tion a point that has been helpful to us in the diagnosis of one of the complications of 
resection This was the outcome of a study which was initiated at Ray Brook while I 
was there and has been transferred for continued study to the Veterans Hospital at Albu 
querque, New Mexico e started n program of trying to learn something about the pat 
tern of pulmonarx distension following resection to see wlint the broncliogrnm pattern 
would bo and came across something that was rather helpful to us The question is often 
raised ns to whether or not the residual or recurring pneumothorax is associated with a 
bronchial fistula or is a residual pneumothorax which will sloxvlj re expnnd The usual 
criteria for making this diagnosis mav be lacking or inconclusixe In films taken before 
and after resection we hare found a pattern, which jou will see on the four slides, that 
has been helpful and rather obxious 

(Slide) There is a residual pneumothorax in the upper left In such cases it is often 
difficult by the usual means, which I shall not rex lew here, to identify the presence of 
bronchial fistula 

(Slide! If a bronchogram is made xou will get some clue ns to whether or not there 
is a complicating bronchial fistula The pattern of heavy oil which iou see at the root is 
different from the pattern seen in the remaining expanded lung and there is a smnll blob 
of oil which fins leaked out into the air spneo The onh possible means of this being 
present would be that there is a communication with this space and the bronchial tree 

(Slide! This is another case in which there is a residual pneumothorax pocket on 
the right «ule nnd here too we are concerned ns to whether or not we are dealing with 
a residual pneumothorax space which will ultimately re expnnd or whether it is associated 
with a bronchial fi'tuln In each instance when this question arises, a bronchogram should 
In mnde 

(Slide) There is obvious evidence of n bronclnnl communication ns noted in the 
pattern seen here nnd the oil free in the air pocket 

This gnes us an opportumtx to exalunte the problem and treat it lmmcdinteli In 
operating on these patients we lime been able to identifx the presence and location of 
the fistula repair it nnd wind up with a satisfnctorx results 

DR TOSEPn V GVI1 Madison Hi*—Me lime been interested in this problem 
of pulmonnrx resection for the past decade nnd in I'M*! «e reported SO consecutive 
ri sections with a com ersian rate of S" per cent Tho e patients were followed for a period 
of four xenrs and the percentage of conwr-ions field. A couple of xear« ago we reported 
321 consecutive cn<es followed from one to seven xcars and our percentage of conver 
sions ncgatix e cultures, guinea pigs, etc, remained at SO per cent V e arc in the proc 
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no -_r cannot a, ret gire rou the statistics^* follow S50 case, orer a period of one to 
ten rear' I thought it might be of interest to give some idea of irhat does happen orer 
a decade in pulninnarr rejections 

I Slide) One rerv interesting thing In the first SO eases ire reported 41 were 
ihora-oplactic failure- In the 325 next reported 101 were thoraeoplastic failures Xow 
it has dropped to le-s than 20 per cent as we have had more pointed therapv and we 
are now pre-ening more lung tissue Onlr about one third of the first SO patients had 
Mroptomicm becau'e it co t nine dollars per gram and the hospital would not bur it But 
thi« -rive- 'on come idea a= to tbe monalitr with the different trpes of operation One out 
of 70 died following bilateral rejection The anesthetist left the prejsure transfusion 
gom^ and went nwav 

(^lule) Here are some of the complications bronchial fi-tulas etc and this re 
mained about the «ame all along We had a total of 2 S per cent fatal complications 

C-lidel A little more about bronchopleural fistula, it appears in about 5 per cent 
of cas j in pneumonectomr 4-5 per cent in lobectomr and 1 per cent in segmental resec 
tion= «ome of theje cleared spontaneouslr but mo-t of them required further snrgerv 
and 7 of the JO with bronchopleural fistulas died from 'epM', infection etc 

(Shdel Here are c ome of the complications which I will not enumerate but in the 
whole group ther were 7.5 per cent 


DR WILLIAM M LEE^, Chicago HI—I should like to report some of our expen 
cnees but before I do so I would like to make a plea that we utilize the same classifies 
tion when we 'peak of patients with pulmonars tuberculosis Dr Douglass mentioned a 
group of “*al\age” and another group of "elective patients and without knowing the 
exact figure j I would Mate that we must have a different tvpe of tuberculosis in Chicago 
lucan'e S5 to ^ per cent of our patients will be m bis salvage gTonp I do not think that 
a patient with a 1 cm cavitx or with a thoracoplastv failure or with a destroved lung 
•a ho ha- a good lung on the other 'ide is nece'sanh in a 'aUage group With that intro¬ 
duction I would like to 'how a few elides illustrating the highlights of a studv performed 
1 v Dr \dolfo Flores and Dr M Lopez Belio who reviewed 250 consecutive rejections 
p rformed at the Municipal Tuberculous Sanitarium of Chicago Illinois between Tun 1, 
1“'1 and Dec 31, lo*3 

(Mult i 5oj will note that 70 per cent of the rejections were in women, Xegroes 
and whit * arc appronmatelv even but more importantly onlv 15 ot the Xegro patients 
had -egneutal or wedge re'ection' The va't majontr of Xegro patients had pneumonec 
tonucj or total loliectomie' 

(Mule i Here i on will note that the va't majontr of patients bad far advanced dis 
r-a'c and it wa* bilateral in a great mam ca'C' e'peciallv in tlio'e patients who had 
jm rrnatPtnrie* rou will note that <?0 of the S2 patient' had bilateral disease Mnnv 
had 1 lWloral caritic' greater than 1 cm 'ome were 4 and 5 cm in diameter 

iMuld Tin' show, our complication' The pneumonectomr group had an S 5 per 
r nrtalux lobcctn-nr 17 per cent and 'egmcntectomie' including wedge' approxi 
^ * r ren * Oatn art rather clo-eb allied to the figure* Dr Gale ju*t pre- 


a 'unman- 1 would hie to make a few comment' which will in part concur with 
. ' * " 1,1 t,lc ” l ' nn ' 5 a ' tW ln ‘»> a t °nr complication' mar be le'-ened bv 

" atrtrlr ‘ tor a minimum of four month- prcferablv six month', 

r L Tr J, \ °' ,ld K stab1p a<; ^non'trated hr x rav film The be't 

ln " hn ,1 ' 1V0 B *S«'ic -putum preoperunelv \ careful 

j™ •" 'T'r 

I-.CVK- rimming lun„ mil aid m the reduction of po'topi rativc com 
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not almost immodiateh tilled bv residual lung, I have used the following procedure in 
four cases The patients have had a phrenic crush on the operative side within several 
davs after operation, some in three davs, and two between five and seven dnvs This has 
immediate!! closed the space or almost immediate!', and it has remained closed Ono 
patient was a female operated on almost two venrs ago She remained well, went through 
a normal pregnane', and is still well This work was done on mv service at Gouverneur 
Hospital in conjunction with Dr Henrv Dorfman, who made the original suggestion of 
postoperative immediate phrenic crush 

DU RICHARD H. OYERHOLT, Brookline, Hass—Since so much is known about the 
comparative hnzards, that is, the risk of drug treated disease and the risk of escisional 
therapv, I think it is time to concentrate, as the essnvasts have done, on the most appro 
priate time to carrv out these various procedures Dr Wilson and Dr Edward Haves, Jr, 
have re' lewed 231 consecutive primarv drug cases treated in 1952 and 1953, and of this 
number, 10S were resected with less than thirtv davs of drug coverage The remainder 
hnd preoperative coverage over a period of several months Their studies rovenled thnt 
there was no difference in the risk of operation or m the incidence of complications in 
the patients in whom the time of operation was set ahead to less than one month, as com 
pared with those in whom the drug treatment was earned on prcoporntivelv for longer 
penods In fact, in this series of 231 consecutive cases of primarv drug treatment, there 
was onlv one fistula and thnt was in a teen age diabetic 

Tust two comments about the problem of re evpansion of the remaining lung We 
find it helpful to te't the volume and shape of the expanded remaining lung with the ribs 
renpproximnted in order to see if the reduced lung mass will fit its thoracic container After 
an upper lobeetom' or if combined with superior segmentectomv, the remaining group of seg 
ments, when expanded, assume the shape of a truncated cone When expanded, the group 
of segments mav wedge against the chest wall and not be able to find its wnj" to the apex 
Then, a modified tvpe of thorncoplnstv, performed simultaneouslv, will permit apical space 
obliteration 

Ono comment about tube management (Slide) If t"o tubes arc used and a T con 
necting tube joins them to a single underwater seal, air from one part of the pleural envitj 
"all find its wav to another bv wav of the connecting tube It is then difficult to bring the 
lung out If both tubes arc brought under the water seal scpnratclv, the obliteration of one 
part of the cavitv is not influenced bv the other Since this simple change has been made, 
we have verv little difficultv m obtaining immediate re expansion and holding the lung out, 
even after the most complicated segmental resection 

DR LOUIS R D Y\ ID^OX, Xew lork, X Y—Mv remarks will be directed to the 
paper presented b' Dr Douglass more particulnrlv I “hall confine m' observations to that 
part of his paper "hah is called “after historr ” The thoughts which have just been 
presented to us have their being in bactenologv However, in the evaluation of a patient 
relative to liw final cure, which is eurelv a part of “after Instorv,” one must think not onlv 
in terms of bactenologv but al=o m terms of phvsiologv patliologv sociologv, and economics 
It is with these features in nund that I should like to refer to a recent paper which appeared 
in Diseases of the Client in "Inch our group at Fen 1 icw Hospital after nnalvzing -JST con 
=ecutive cases "hich had received ixci'ional s U rgcrv einluated them particular!" ns regards 
“ after Instorv ” Our greatest patient load is about S° per cent Xegro nnd Puerto Rican 
The major portion moiling exeiMonnl 'urger' had pneumonectomv performed Of the'C, 
53 women "ho have had cx< t-ional surgerv have gi'on birth to (17 childr< n Onlv one pa 
tient died nnd sh, was original!' a tabulated ri'k One palicnt had pm umonectomv pi r 
formed in the pr.sence of t ontralati ral pneumothorax nnd in nddition (,au birth to a child 
subsequent to «urg. n "hen still earning a «ontralati ral pneumothorax \t the moment she 
is gainful!' emplov d 

Tlu« brief r. urn i- «ul>mitt.d in order to emplmsir, not onh tin patholopc status of 
thi patient but abn to dra" ntt. ntion to the vital neeessitv of eialunting the resulting phvi 
olo v nnd patliologv tog, thex with the patient s *oe,ologie and economic level 
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DP JOSEPH A. M"EEXBERG, Long Beach, Calif—I wonder if we all have the same 
understanding of what is meant by wedge resection and segmental resection In addition 
to the anatomic consideration, segmental means to me that the pnlmonarv parenchwmn is left 
exposed and wedge means that the raw surfaces are pleuralized This differentiation is im 
portent' especially in dealing with tuberculous lesions lYedge resection is a more surgical 
procedure than segmental resection because infection is less likelv to occur with plenralization 
of the natural!’.' contaminated parenchyma, also, air leakage is less likelv to occur if the ex 
po ed parenchyma is covered 

Dr Reiter of onr clinic has provided me with some figures on consecutive eases of pul 
monarv rejection with one to two years of follow up In 4S wedge resections there were no 
significant complications, 45 of the 48 had sputum conversion In contrast to these results 
IS cases of 'cgmental resect ion resulted in six failures of sputum conversion, and of these 
«iv failures to convert three patients developed senous compbcations and were made worse 
bv the operation 

Tn performing the operation of wedge resection it is important to ligate the divided 
bronchos and ve-sels carefully with transfixion mtnres before the raw tissue is pleuralized 
If thi« is not done one invites the hazards of fistula and bleeding 


DR P4.CL T DE CAMP, Xew Orleans, La—I would like to direct attention to the 
group of patients who have open cavities and positive sputum remaining after adequate 
chemotherapy Two vears ago, we read bv title before this Association a paper on our 
initial experiences with a varietv of partial thoracoplasty devised bv Dr Fernando Paulino 
of Rio do Janeiro The procedure is e«sentiallv a modified Semb pnenmonolvsis and partial 
thoracoplastv The second rib and parts of the third and fourth rib' are removed An extra 
fa'siai pnenmonolvsis is performed with division of the intercostal structures The unique 
feature of the operation consists in maintaining the pulmonary collapse bv placing three 
ligatures around the diseased lung 

IVe have had experience with some 45 operations over a four and one-half rear period 
be are not performing the operation frequently but believe it is often indicated vn cases 
with open cavities and per«i'tent positive sputum because of the increased hazard of resection 
in these cases The procedure has the advantage of being a single-stage operation which 
causes little deformity the los^ of respiratory function w minimal, and the amount of foreign 
material is negligible For disease above the hilum the collapse obtained is as good as or 
1 ttcr than that following the standard seven rib thoracoplastv The changes in the collapsed 
lung are similar to those after the more radical conventional operation 

lYc have experienced no complications nlated to the use of ligature constriction of 
the lung Me have been happv to hear that Dr Times Murphv has used the procedure in a 
for eu*,.; and has ppon pleased with it Dr McLaurm of British Columbia has performed 
i nu~ilnr of these procedures m the past year nnd i< also satisfied with it If one has this 
na alternative procedure, he mav not l>p tempted to perform a hazardous segmental ro¬ 
se ties iu the faei of a positive sputum 


bit 1 IMOM) I)Ot(>L\st« Ithaca X 1 (Closing) —I do think thin, is i pi ice 
r im diseu'sion of our terminology Dr Lees raised the question of our use of the word 
‘a vagi ’ \\e could not find a better uord It yvas applied to our patients for whom there 

wo' no otlir good alternative method of treatment On the other hand our elective cases 
ri| ' r ' n Croup who lmd done well by any criteria nnd one might almost sav that the 

^i- v 11 rformed was prophylactic in the hope of nyoiding relap'O Me do feel that it is 
' 51 * ' M *° Inform Hi'' type of surgiry in ordi r to have n 1 im> Iini for study nnd for com 
I on OU mill jatioats treated by drugs nlone 

.1 t'l T,U '! n ’ 1 ' 0 U " u ‘ c of tU t' rn '- s.gmental nraation and ‘uedge resootton > and 
«as ,-„r\ ‘ T, . U “ Vl t,ln t< ' rT " "s*-ni. nta! yvln n in anatomic segmental unit of the lung 
-oil T ,., ri ,„' ir ' ,h ’ nV U, ' , ‘ I 1 rl ' T' commonly understood MT.cn von get down to 
t, ss - ,, vV >' a multipbnty of t.rm« s„eh as “lo-al evusmns, “uedger.sei 

nvions or ‘sul'.^T.intal r.seimns I think nmle it m.ghf lie v y II 
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to agree on the use of the term “subsegmental ’' for anything le«s than a segment, regnrd 
less of the technique by which the smaller piece of lung tissue is removed 

I wish to thank those who took part m the discussion of this paper 

DR ALFRED JI DECKER, Summount, K Y (Closing)—I wish to thank the dis 
eussants There are only one or two questions which pertain to our presentation Dr Over 
holt brought up a point that has interested us a good deal, and wo hare had a small experi 
enco with early resections I do believe that so far as lasting tuberculous complications nrc 
concerned, resection during the effective period of chemotherapy, that is, the early months, 
carries very bttle risk Ye have generally practiced delay at least beyond the period of four 
months because of our gradual evolution of the resection proginm in prolonged combined 
chemotherapy Our experience with the bacteriology of lesions resected has shown that dura 
tion of therapy is a factor in tins regard Also we have felt that we were able to perform 
much smaller resections bv waiting for maximal clearing More recently the major point at 
issuo would seem to be allowing chemotherapy an opportunity to closo cavitary lesions This 
to our mind, puts the evaluation of further surgical intervention under an entirely different 
category of disease response to chemotherapy Our own experience certainly suggests that 
it remnins a very open question whether or not we must resect these residual closed lesions 
We are trying to differentiate what we can do from what yve should do 

With regard to what Dr Wemberg said about the type of resection affecting the mci 
dence of tuberculous compbcations, I feel it worth ivhile to make the point that our incidence 
of tuberculous complications reflected the status of the disease in its response to chemotherapy 
rather than the type of procedure Tuberculous complications have been almost nonexistent 
in those patients who have converted their sputum for periods of three months or longer 
during continuous combined chemotherapy despite an appreciable incidence of positne cultures 
in the resected specimens, particularly in those retaining cavitary lesions 

With reference to Dr DeCamp’s statements, we certainly do not resect all our chemo 
therapy failures, and do resort to various adjunctive procedures, particular!), of course, 
thoracoplasty or thoracoplasty combined with Monnldi in the presence of largo cavities In 
dicotions for resection m tho«e patients whose organisms have escaped bacteriologic control 
entirely have tended to follow the pattern of so called standard indications for resection 



Till ROLE OF PULMONARY INSUFFICIENCY IN MORTALITY AND 
INVALIDISM FOLLOWING SURGERY FOR PULMONARY 
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P ULMONARY function studies todav are geneialh accepted as an mtegial 
part <d the evaluation of pooi-usk patients who me to have pnlmonnrv 
stirgtrv E\eitionnl dvspnen previous opeiations or disease on the opposite 
side arc the most common indications The impoitance of phvsiologic evalu¬ 
ation under these circumstances has been emphasized 1 epeatedlv ^ Othei 
reports have dealt with description of technicjues and with mterpretation of 
tists Main new 01 rediscovered methods have been descubed for simpli- 
fn d cv du ltion 01 foi more detailed analv sis ot pulmouarr function The 
literature devoted to descriptive lepoits of pnlmonarv phvsiologic alterations 
in fcitim dnesH entities oi aftei specific suigical proeeduies is constantly m- 
cri lsinir The picsent ainlvsis was undeitaken to assess the value of routine 
preopentive pnlmonarv function studies in lelatiou to operative mortalitv 
md postoperative disabihtv lollowing smgeiv foi pulmonaiv tuberculosis m 
t latgo unsclected gioup of patients 


plan of stcda 


Tin observations were begun when the present Thoracic Surgery Service 
w is initiated at the Sanatoiimn Division oi the Boston Citv Hospital m 1947 
M mv ot the patients awaiting suigerv weie desperatelv ill The consideiable 
number who previouslv had been refused opcritive treatment because of eluii- 
* d dvspnc i or far idv anted bilatcial disease appeared to tustifv the expendi- 
tur< oi time ind cnersiv it enured foi these studies In addition it was hoped 
tbit this progrnn would offer thormc surgeons in training an opportunity to 
divelop liiehngtor and in ajiprcti ition of imlmonarv phvsiologv 

Ih< 1 ihoritorv is i division ot the Thornen Surgerv ‘-'erviee and all e\- 
umintions \\<r< ptriormed hv the surgeons or under then supervision Pre- 
op. run, t% dilations md follow up studies could thus be elosclv integrated 
wnhjht stirgn d prognm Ibis proxunitv of the lahoratorv permitted a 
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flexible opeiatne progiam closely guided In physiologic obsenations Suigi 
cal lesults weie lexiewed from time to time in the light of these obsenations 
The siiigcons, w 01 king both m the opeiating loom and in the laboiaton, lnd 
an oppoitunitj to obsene the physiologic consequences of then opeiatne 
pioceduies Results of function studies weie lequned loutine nifoimation at 
ueekly suigical giand rounds y\here pioblem eases aie piesented foi lecom 
menclations 

Both good- and pooi-nsk subjects y\eie examined foi futuie coil elation 
between the outcome of suigeiv and the lesults of initial pulmonair function 
studies Only a few simple studies weie peiformed loutmely in ordei that 
the proceduie y\ould not be too difficult foi patients and examiners Theieby 
it y\as hoped to continue the pioject until its yalue to the suigical piogiani 
could be assessed Scieening, nthei than complete eyaluation of the icspiin 
ton status was intended lloie detailed lmestigations y\eie initiated when 
special indications existed (Table I) 

Tablf i 


ROC TINE rentox \RV FCXCTION STl DIES 

1 ytaximnl Breathing Capacity (ALBC), calculation of per cent of predicted 

2 A ltnl Capacity (A C), calculation of per cent of predicted 

i Tuned y ltnl Capacity, per cent exhaled during ], 2, and 1 seconds 

4 Calculation of \ir Velocity Index (AX I) % AIBC/% A C 

5 Exercise Ventilation, walking ISO feet per minute (XYA ) 

C Calculation of Walking Dyspnea Index (AM) 100 x AVV/MBC 
7 Breath Holding Test (discontinued) 
s Fluoroscopic Observation 
0 Bronchostopic Observ ation 


ISDICXTIOXS FOR SPECUL STt DIES 

1 Xluximal Breathing Capacity very low 

2 Timed A ital Cnpaciti low 

» Air A eloeitv Index less than 0 S 

4 Walking Dvspnen Index o\ er 15 per cent 

5 Dyspnea not explained by results of function studies 

0 Di«cn panel lutviecn function studies and appearance of roentgenogram 

7 Discrepance between function studies and fluoroscopic obsenations 
S ‘turgen planned on the major side 

Cspccinl Project) ___ 

SPECIXI STUDIES 

t Combined Spirometry (Alinute and Tidal A r olume Oxygen Uptake, A entilntion 
Fquivalent ^ulslmsions of A ital Capacity, Respiratory Pattern) 

2 Residual A olume (Total Lung Capacity and R A /T I (2 ratio) 

1 Intrapulmonan XUxing Index (Alveolar N, per cent after O Breathing) 

4 Arterial Blood Analysis (O, Content nnd Capacity CO, content) 

5 Brom hospirometry (Differential per cent O, Uptake A'cntilation and ACi 


AIKTHOD 

Routine studies, earned out yvithin one week of intended operation, are listed in 
Table I The planning of tlu« study yvn« aided by communications from Counmnd and 
Richards ie RnylJ * 1 2 * 4 5 * 7 AA arring < ind XA right m As the study progressed our increasing di° 
s itisfaction yvith the yalue of the vital capacity ti't led to the development of the tuned 
vitil capantv' 1 nnd the enlcul ition of the air xtlocitv index” After analysis of the 
first 1 000 routine «tudu« it was demonstrated that the brenth holding tes) )m« no vnlm 
in i-timatuv \intilntorv function and the te t vvn« discontinued!- ■special efforts were 
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C\E\SLEF ET \L FUUMO INSUFFICIENCY VFTER 

made 10 eliminate "abjective factors from tests requiring xoluntarv maximal effort Such 
t,. t « a, the maximal breathing capacttr (MBC) and vital capaeitv (VO vsere repeated, 
after stable re=l period" until successive efforts checked within 5 per cent Tfbeneaer 
doubt cxi-ted concerning adequate T erformai.ee, conference pre-entation and operation 
\m re delated until a "ati-fnctorv base line had been achieved 

Mon detailed studies were initiated when special indications exi-ted (Table I' 
Th» nw"t frequent additional studs wa« bronchospirometrr performed on -j 12 occasions 
Modifications of this technique, developed durmg the penod, have been reported w For 
measurements of re-idual volume and lntrapulmonarv mixing index, the open-circuit 
on cen breathing technique was used i" All gas volumes are reported at bodv tempera 
ture ambient pressure and saturated with water (BTPS) with the exception of oxvgen 
□ 1 tahf which is recorded at "tanda-d temperature and pressure drv (STPI>) Experiences 
tvnh ventilators "tudie" after administration of bionehodilators have been report edA" 
Onh volume increase of more than 10 per cent was considered significant Methods used 
m thi« mse'ligation hate been discussed in detail el'ewbere i° 
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turns mu eased m iiequenc! when “localized disease” became one of the nidi 
cations for lesection and when ehemotheiap! made these opeiations safer 

Bespiratonj Difficulties Belated to Type of Opeiatwn —It was anticipated 
that the type of opeiation itself, mespectne of the degiee of pieopeintne 
pulmonaiv insufficienci, would haie a decided effect on the incidence of post 
opeiatne moitaliti and imahdism Pienously, this factoi was imestigated 
both dining the eaili” and diumg the latei 22 postopeiatne penod Inteipie 
tation of these data is difficult because the !eiy choice and extent oi suigerv 
aie based, to some extent, on the lespnaton lesene of the patient Also a 
number of unpredictable, function-impairing complications occui onlj with 
a ceitain tipe of opeiation accidental opening of the pleura with induction 
of pneumothoiax mai unexpectedly dimmish the lespiratory reserie after 
thoracoplasty, plombage 01 extiapleuial pneumonolysis Hemothoiax, atelee 
tasis or bionchopleuial fistula often causes unexpected respiratoi} difficulties 
following lesection 

Staged thoiacoplast!, which accounted for 33 pei cent of out opeiativc 
expeilence (Fig 1), maj sene to illustrate that the extent of opeiation has 
maiked eftect on the diminution of respiratory function legardless of the ini 
tial condition of the lung (Fig 2) The MBC deci eased about 20 pei cent 
when file oi six libs weie lemoied, but the loss aieiaged 30 to 40 pei cent 
aftei moie extensile operations Also tipical of staged thoracoplasti, the 
loss of function eaili (two weeks) aftei opeiation was neaili twice as laige 
as the ultimate diminution six months latei Pain weakness, and nieffectnc 
cough contifinite to diminution of lespnatoiy lesene aftei all thoiacic opera 
tions Paiadoxical motion of the chest wall adds to the respnaton distiess 
aftei staged extrapleuial thoineoplasty 

Eien details oi opeiatne techiuque mai ha\e an effect on lcspnatory 
mortalit!, and morlnditi The wideb held thought that marginal patients better 
tolerate tlioiaeoplasti if lesection of the fiist tinee libs is peifoimed in two 
stages guided us enih dining the piogiam Consequent!!, thoiacoplast! was 
initiated In an antenoi stage on ele\cn occasions Uncontiollable paiadoxical 
motion of the antenoi chest wall, accompanied In extieme lespnatorj dis 
tiess precluded furthei suigery in tin ee patients and two died of respintoiy 
liisufficienc! (Table II) The functional loss of the othei eight patients after 
anteuor stage alone was greatci than the loss after complete lemoial of the 
fiist tlnee ribs in scientj-thiec patients (Fig 3) Fuitheimoie, lesection of 
the remaining posterior liahes of the three nbs at a second stage was actualh 
accompanied by a gain m function (Fig 3) Suspension at the apex with 
fieedom to mo\e ill paiadoxical fashion antenoih appiais to be moie haiinful 
to function than a collapsed apex confined In pericostal tissues and com 
picssed In fluid Because of poor results this operative inrmtion was aban 
doned earlv but it was in part, responsible for the high (3 3 per cent) respir¬ 
atory mortalit! earh after staged thoracoplasty (Fig 4) 

After pneumonectomy some degree of icspiraton difficult! is anticipated, 
and m our group, death or some degree of respiratory disability occurred m 
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NO OF PATIENTS 5 22 41 10 3 Z 


2 WEEKS AFTER LAST OPERATION || 6 MONTHS LATER 

Hi. 2 —Y c ntllntoo lo«s after thorncopinsn Ay craw ptr cent decrease of MBC and 
of Y< two Work'* nnd rlx months after completion of all stages of thoracoplasty arranged 
according to number of ribs rcmouil Ob«er\atlons of eight} three patients operated upon 
from 1M7 to F 0 n 


FRST SUBSEQUENT STOLE 

AffTEROR POSTEFtOR ERST STAGE 

R3S 1,2 83 RBS 1,2 83 RBS 1,2 83 



UPSER OF PATEJfTS 8 73 

MHM uiuoi trurtrr cjcwty I I vro. cfiorr 
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Table II Analysis of Moptauty 


V OrERATlYE MORTALITY. (WITHIN 30 DAYS) B LATE MORTALITY (30 DUS TO 6 YEARS) 
4ClO r YTIFNTS, S39 MAJOR OPERATIONS_IIP PATIENTS _ 


MM 

BER 

PER 
[ CENT 


MJM 

BER 

PEP 

CENT 

Respirator) failure* 

S 

I 7 

Respiratory failure (pn 






marilv) 

G 

1 3 

Cirdiac arrest f 

5 

1 1 

Bronchopleural fistula and 






empvemn* 

3 

07 

Operative liemorrlmge 

4 

09 

Progressive disease 

3 

07 

Bronchopleural fistula and 



Malnutrition and delirium 



cnipvcrua 

1 

02 

tremens 

2 

04 

Progressive disease or spread 

1 

0 2 

I nrelated to tuberculosis 

or 


Coronary occlusion 

1 

02 

respiratory failure 

3 

07 

Total 

20 


Total 

17 

3 S 


•Associated with progressive pulmonary disease In some patients 

•fPrecedcd by technical and respiratory dlfTlcultles during anesthesia In four of the flic 
patients 

Staged Subcostal Extrapleural Pneumo Partial 



# of Ops 152 87 33 39 123 

Disability Q slight CU moderate S3 severe m total 


fatal cardiac arrest 


RESPIRATORY DEATH 


pir- 4_The Incidence of cardiac arrest of death duo to respiratory Insufficiency and of i»»t 

operative disability after \arIous operative procedures 


40 per cent After lessei iejections this incidence won only 15 oi 20 pei cent 
(Fig 4) Cardiac driest oecuired onh dmmg intrnpleuial opeiations It was 
responsible foi GO pei cent of all opciatno deaths dining pneumonectomy and 
for 67 per cent of deaths dm mg lobectomy (rig 4) 

Although extiapleur d pneumonohsis was usualh iescned for patients 
with yem limited pulmonary lesenc there ucie no opeiatne deaths, and S3 
per cent of patients had no subiectnc respirator! disability si\ months later 
(Fur 4) The function sparing characteristics of this operation ha\e been dis 

cussed ‘° 11 t ~‘ 

TaifiMon/ Function Profile of the Entire Oroup —Points of Fig 5 mdi 
catc the picoperatne xentilatorv function of ex era pitunt with the MBC on 
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G VE n S LFR ET U> PLLMON VRV INSUFFICIENCY 4FTER TUBERCULOSIS 

2 tSfiS 'S 



He - Troup. rail\< emulator} function (ICO patient") MBC and \C arc indicated os 
I-r ent ot pt* llco-d fur r ach pitknt P. rformnnee iliou SI) per cent or predicted was repnrdefl 
a- within annul limits (ui>p«r rlclit) The 11m drawn at forte fl\e deprees to the coordinate 
a*< in hr itis «|ti il Impolnmnt of Ml C nnd cl tC (t lr \.loe!t\ Index =10) 

imnhonmt nul 7b per tent of the proup lntl f.u .uhanccd disease It ap 
p* irs thtnton tint prt domni mth imilattnl paiemlivmal tubeiculosLs per 
‘•i dot*. m»t tisinlh imjinr\entihtor\ fmi( tmn to a marked decree 

Points f ilhnc on a line diami at fortt fiic depiees to the coordinate a\es 
sh "" t.pnl imp iirment ot MP.P ^nd VC That ts the friction 
jar nnt Ml prrduttd Alltt 

I" r i. nt ot pn7li7tT-r\T~ ‘ ,,r ' ll,u,u ls Ftpid to 10“ Most 

pitnnlsli .1 urulmite unlit t x witluu the normal limits ot OS to 1 2 snccest- 
itu. ihn i t<ntihton defat, it demonstrable teas usualh ot the restnetnc 
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ni.t," Onh occasional points fall below noimal because obstnictne ventila¬ 
tors uLsufhctcnci was often masked by moie detailed phisiologic studies Re¬ 
duced air \douti indices were uncommon also because patients with maiked 
< mphi scni.i weie not usualh suitable candidates for suigen - r 

Deaths unrelated to pubnonaiv msufficiencv, indicated bv small dark 
squaies in Dig 5 are fairh eienlv distributed thioughout the chart and oc¬ 
curred in eight patients with initially noimal "ventilator} function Deaths 
primanh due to respiratory insufficiency, indicated by circumscribed dots, 
oci nrml with one exception among patients with initial ilBC s of 50 per cent 
of predicted normal or less A numbei of patients with such gieatly reduced 
ventiliitorv capacitv survived operation, nevertheless, ebnicians who look for 
a figure conveying a warning ngnmst surgery may be impressed that, of 
twentv eight patients with pieopeiativ e MBC of less than one-half of noimal 
70 pcr cent did not sun iv e major thoracic surgerv Yital capacities m this group 
were also grenth reduced but theie was no sharp dividing line, and fatabties 
occiured among patients m whom this volume was 60 and even 70 pei cent of 
normal hclorc operation Tig 1 shows that, in a group of patients in whom 
nuphvsimn is not a piomment clinical feature, the coirelation between VC 
and MBC is faulv good if function is not greatly impaired As MBC decreases, 
this relationship is almost entirelv lost 

Oprratuc Mortality Due to Pulmonary Insufficiency —Deaths were con¬ 
sult ied operative if tho occuried within thutv davs after surgerv , twentv 
of the 460 piticnts oi 4 0 per cent died during this period (Table II) In 
tins croup pulmoturv msuflvciencv was the pnmaiv cause for the fatal out- 
ciiiik on eight occasions or 1 7 per cent of the cases 

A more detailed an llvsis of these eight deaths is shown in Table III Of 
ail 460 patients onh two were deemed too ill for transfer to the phvsiologv 
lihoritorv lor stndv prioi to surgerv 'Weakness dvspnea, fever, and evees- 
sne touch wcre the stated contraindications Both patients (1, 2) died shortlv 
lftci operation Therefore it might well be said that patients disabled bv 
flironu pulmoimn disease who cannot tolerate the most primitive function 
t(st t .insistme of a trip to the laboiatorv are not suitable candidates for major 
Oust surgerv Tins docs not applv to patients disabled bv acute pulmonarv 
< ompbiations when immediate surgciv mnv be lifesaving Ilemoirhnge, ten 
sum pnennmthoia\ perforation of the esoplngus or chest trauma obviously 
m iv fire vent pulmon irv function studies being pei formed without precluding 
ofit ration fc 


Onh two factors wuc used for inclusion of patients m Table III death 
within tlurtv <1 ivs ift.r opciatmn md r limcalh respiratorv msufficiencv as 
i- I'rmurv , uise of <hall, In other respects the group w as quite heterogene- 
Ues ringed from Jt. to O veirs the tvciage age of IS was not 

TnolT7 ° f group The disease was extensive 

1 , 11 ' <r< 11,11 ( h spm u during strumous aitmu- „i i 

" l,rrs u,r ' bn ith during slightest oxortmn " lr ' * ,nIe 
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Despite their dixerse climcnl status the patients x\eie suipilsingly com 
parable fioni a ph\siologic standpoint The jNTBC x\as less than 15 L or 50 
pei cent of predicted in all All blit one had a VC bclou 1 5 L In all mem 
hers of the group, the xsalkmg index xxas aboxe the “dyspnea lee el” of 35 pei 
cent * and four of the eight lequned nioie than 50 pei cent of then maximal 
xentilatoiv capacity for this leisuielv exercise 

Rcspnatoiy embauassment max be anticipated if opeiation is pei formed 
on the majoi side Split function studies x\eie obtained m all patients in 
whom this situation was suspected (Table II) On ninety-six occasions pa 
tients weie actually opeiated upon on the side lesponsible foi more than half 
of the icspiratoiy x\oik Unexpeetedh, none of these died of lespnatorv m 
sufficiency On the contiaix, thiee lespnnton deaths occuned aftei opera 
tion on a lung knomi to be entnch dexoid of function (5,6,8), and a similai 
situation piobabh existed m one othei xxho did not haie bioncliospirometn 
(7) A pioceduie peiioimed on a nonfunctioning side may thus haie a de 
cided effect and occasionally a catastiopine one on the lespnnton status If 
pulmonaix reserxe is minimnl and the majoi lung is emphysematous, anesthc 
sia alone may* upset the delicate balnnce of bordeiline clnonic hypeicapina 
The lcspiratoiy eentci, depiessed by excessne caibon dioxide, may nexei 
again legain conti ol The high oxx gen-gas nnxtui es customaiih admimsteied 
at these tunes only ngginxate the condition (5) Peimanent detenoiation of 
function may occm aftei thoiacoplasty upon a malfunctioning lung 

Pulmonaiy emphjsema of the so called ‘‘compensatory'” type was the 
single most lmpoilant conti ibutoi to pieopeiatne lespnaton insulliciency 
Emphysema could be demonstrated clinically, loentgenoginplncally, oi by 
lung xolutne and intrapulmonaix mixing studies in all but one patient of this 
gioup (3) In spite of this, a xery low an xelocitj index xxas demonstiable 
in only tx\o patients In the othcis the obstruetne defect x\as masked by 
scxeic restriction of the lung xolume due to pnicnchxmal oi plemal disease 
The seientx of dxspnca is often eonsideied for clinical exaluation before 
suigeix Statements concerning shoitness of bieath may be xery misleading 
because one has to ich upon subiectne consciousness of a sensation x\hich is 
difficult to describe Aftei pulmonary disease of long standing, an awaieness 
of undue effort on In entiling may disappear and dyspnea denied oxen while 
labored breathing is obxious to the examiner Lack of opportunity to expci l- 
ence djspnea due to prolonged bed rest, failure to distinguish between dx spnen 
and muscular fatigue 18 18 and purposely misleading statements concerning 
dxspnex m order “to be accepted for surgeix ’ all conti lbute to the unreliabil¬ 
ity of this symptom in preoperatixc exaluation Indeed, only two of the eight 
patients who died early of respiratory Public admitted to more than slight 
shortness of breath befoie surgery (Table in') Equally distiubmg and more 
common me the cases where surgeiv is denied because of dyspnea and uherc 
laboratory examination later shows adequate pulmonary reserxe 

Neailx all operatne deaths occurred after staged thoiacoplasty This is 
not necessarily a ictleition on the operation Other palients with almost 
equally poor function surxixed staged thoracoplasty without great difficulty 
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(Fur j) ] urthermore, patients with initial pulmonary function as low as 
those shown m Table III wcie nev ei selected foi lesection Initially, patients 
iv Uh poor function vveic delibeiatelv chosen for thoiacoplastj because of the 
possibility of staging with triable time internals depending on functional 
recoverv Thiee patients nevei improved sufficiently to have a second opeia¬ 
tion so that the advantage of staging did not apply In two others the first 
stage was followed bv a stoimv comse with extreme dvspnea, evanosis, and 
m one c ise with coma Both died after the second stage although a much 
longer internal than the usual two weeks was allowed between operations 
r n other eases, variable mtenals between stages, depending upon recoveiw of 
fumtion, pioved to be advantageous With mcreasuig expenence it was found 
that subcostal extraperiosteal plombage is moie easily tolerated during the 
cailv postopciative period than even the fiist stage of thoiacoplasty with its 
unavoidable paradoxical motion of the chest wall 20 22 Tins does not apply if 
the pleura is accidentally opened at opeiation The function loss due to these 
two procedures is more computable when comparison is made some months 
after operation 

Late Deaths Due to Respiratory Insufficiency —Of the 440 patients who 
completed the suigital piogiam seventeen oi 3 8 pci cent died moie than 
thirtv dnvs nftci operation Discussion will he confined to the six patients 
(1 ! pci cent) who diet! prnnaiih of lespnatoiv failuie although pulmonary 
liisuffieicucv was a eonUihutorv cause m the deaths pnnianh due to piogres 
sue disoise bronchial fistula empvema, malnutrition, or alcoholism (Table 
III ( limed data of the six patients aie shown in Table IV The function 
st mins oi the first two patients were obtained onlv fouttcen davs postopem- 
tnelv liecause death oceancd within slx months The remaining follow-up 
studies wt re made six months or more aftei opeiation 

The entire gioup Ins little m common On phvsiologic and clinical 
grounds the six patients may well be discussed m pairs The fiist two pa¬ 
tients hid adequate function initnlh One (9) perfoimed better than the 
lm m for the group and the othei (10) had better function than the patients 
umsuUrcd to have marginal pulmonarv icserve Xeithei patient admitted 
d\spue i Iii both instances the disease was piedoinmantlv umlateial and 
fw advamid and repeated pulmonary hemoirhnge was the most alarming 
s\ inptoin \n tight rib staged thorneoplastv was performed on the minor side 
of both pHunts but fuled to contiol bleeding On the contiarv, with m- 
• niMimh labored breathing iftcr successive stages these episodes became 
wro jit.|uilit and moie severe Mmhecl paradoxical chest wall motion pie 
'•nt.d ad.quitt ihmin it ion of Mood and seuetions The much reduced pul- 
"'""arv rtMn, „U. operations was not onlv the result of extensive thorn- 
- o -l Mv lm was dso due to ret mud secretions, pneumonitis, and atelectasis 

JmI'™,!; " ,r " I. .o,p,™,„n 

tin promnnnt clnm il fc itun m the sotoml two patients m ID 
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Hkurcj* In llullas arc postopcmtUc data 
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l in both patients «ns due to advanced tubeiculosis pneumo- 

„ ",„L pa^h^ cn\eniostoms and mnaple.u,! 

Z L., V ,Z paaamo.hn,.^ con,pi,anted In ateleetas.s m he oth , 
High! v moderate degt ee of obstruct* e emphv sema w ns » ^ 
M and this w is not reversed 1>v inhalation of bronchodilators Both pa- 
uents m.c tree fiom asthma dnnng their stav m the hospital Operation, 
ude told ited without unexpected lespnatoiv distiess At the time of * 
, Large both were appaienth well m spite of seveielj ieduced function (Table 
\\ | The fust patient (11) was readmitted one veai later with severe bion- 
chial asthma and rapidlv progressive cor pulmonale with massive ascites 



Hu f —Pathnt l- n hiMorj of bronchia! n“Umm Tho pr<K>pcrntl\o roentpenopram 

tU ss ( \b nsi\« inn nch> mM <llm on lb^ itfl 8t<lo wjth an unsatisfactory result after 
tii riprittlr j»n Minot borax. Th<* lt\t< jvoMopu rathe film *how* nmrkM scoliosis after an eipht- 
tlb -t it * \ th< racoi lnst\ 


lb dh w es du< to combined icsjm itoiv and emdiae failuie Phvsiologn, data 
lr<uu tins woman haw been icpoitul m detailThe asthmatic attacks of the 
'dhd t'diuit remind is soon as she letuined to hei former eimronment 
<1 ur M sl„ vas sun at the Idioratoiv on several occasions with seveie 
r<'■jnr itorv distress md demonstr iblo bv poxemi i md hvjierenpma On these 
"" ,s ""is ventilation unproved ifter biontbodil itoi-s Tins patient died at 
h„m« with i hit w is distribed bv her phvsunn is slatus nstlimatieus In 
boih i o.s th. course of brom lunl isthma w is ippirentlv aecelented bv the 
d,l.d . ndont sjnr >W\ burddi impeded he tuben ulosis nn <l bv collapse thcr- 


lh. I,st two,, wire in in older uu mo,,,, Mode r , to pulmo.urv 

' 11 h ’ ""•'‘hibedemonst rat.d m both \„ <dd ten r,b tborauipl ,ste <on- 
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tnbuted to the pulmonan insufficienc' in one case (13, Fig 7) Maiked pul 
inonaij filnosis was lesponsible foi In pen entilation and seeeie disability in 
spite of a fanly adequate eentilntoi' capacity in the othei (14) A luston of 
caidiac faihue and signs of coi pulmonale sened as a warning in both pa 
tients Because of this, extiapleuiaf pneumonoljsis was selected as the most 
consenatne proceduie Howeeei, the e\trapleuial spaces could not be mam 
tamed, appaientlj because the ngidity of the lungs pi evented collapse bi an 
pressure A small subcostal piombage was then lesoited to and lesulted in 
sputum comeision in both patients (Fig 7) A few months aftei thee left 
the hospital, caidiac failuie iccuiied Neithei patient lesponded to the 
usual mensuies Ovjgen therape, instituted because of meieasing dispnea at 
lest, lesulted in In po\entilation and hypeicapma m one patient and was of no 
benefit in the othei Both died in less than one yeai aftei opeiation 



I. Ip 7 —The preoperati\e roentgenogram of Patient 13 uns obtained ten jtars after a ten 
rib staged thoracoplasty had been performed on the left because of tmpjema and four month* 
after extrapleural pneumonob sis had been attempted on the right for treatment of an apical 
ca\lt\ The disease vrns arrested b* subcostal piombage 

Postopcratnc Disability —'The mnjont' oi patients who ha\e had surger\ 
lesulting m airest of pulmonan tubeiculosif. letuin to a noinnl life and use 
fill acti'it' A somewhat altcicd mode of life and a nunc sedentary occupa¬ 
tion uc often adiiscd foi pio\ ention of ielapse Occasional!', m lctmti, tin 
cniplo\ ability, and lin didism can he tiaccd to lespiraton insufficienc' mam 
fested he chspnea In patients with chronic puhnonni' disease “disnbiht' 
and “dyspnea” arc to all intents s' non vinous The subsequent disabilit' (or 
d'spnca) was graded in the following mannoi it was termed “slight’ if 
suhicetne s'niptoms appeared with unusual cxntion ‘modeiate” if the' 
oceurred while the patunt was climbing one flight of stairs sc\ on ’ d'spnei 
w is noted "lull the pntunt was walking oil a lo'c 1 suiface at a leisure!' rate, 
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PULWOXARY IXSUFFICTEXCY AFTER 


tuberculosis surgery 1T7 


.ImbihU was "total if there were symptoms at rest or with slightest ex - 
Hon Postoperative evaluation of dvspnea mas made at least slx months afte 
opt ration when there had been an oppoitumtv to test limitation of activity 


with graded exercise , .. , , 

xubiectue svmptoms of dvspnea have been eoirelated with results of in- 

tnonarv ninction studies in a number of papers alreadv referred to 14 
For the present anahsis postoprratnc respiratory disability mas related to 
(11 tvpe of operation, (2) degree of prcopcratnc respiratory disability, and 
(1) certain prcopcratnc pulmouan function studies 

(11 The incidence of dyspnea and disability was definitely lelated to the 
t\ pe of operation (Pig 41 Of the patients who mere well after thoracoplasty, 
IS per cent reported subjective symptoms of respiratory insufficiency How- 
cv<r none were totally disabled and m onh 5 per cent mas dyspnea seyere 
enough to pi event useful activate 

Subcostal ptombage was less prone to cause dyspnea duimg the earlv 
postoper.vtn e period but at the end of six months the incidence of disability 
was almost identical to that staged thoracoplasty Oyer the course of rears 
staged thor icopl istv mar be more hannful to function than subcostal plomb- 
age vhuh does not require resection of transverse processes and of the first 
rib The thoracic deforimtv and scoliosis after lesection of these structures 
appeal to impair function of the opposite lung and nnar favor the development 
oi cnmpensatorv cmphvseiua 1C :n " 14 30 

1 xtrapleural pneumothorax was established and maintained with mm> 
m d addition d respiratory distress in spite of the fact that most patients had 
Ind previous contralateral smgerv and marginal function preoper.ativelr 30 31 
'six months after operation none were totalh disabled and only 34 per cent 
not id mv dvspnea (Fig 4) 

Disabihtv was greatest after pnoumoneetomv more than one-third of 
the pitienls lnd respiratorv svmptoms Among the quniors 30 per cent 
could not engage in nnv useful actmtv and 4 per cent reported dvspnea at 
nst or with slightest exertion Less than two thirds of the group were living 
uul free of svmptoms six months to six years later 

Fartinl resection was rarch followed hr respnatorv symptoms partial- 
larl\ n onh a segment or wedge was removed Individual variation of post- 
op<ritne pulmonarv function and disahilitv was greatest m this group, and 
umxputcd end results due to complications were more frequent than after 
otln r ivpes of surgery 


<-’> l’ostoperativc dvspnea was mtimatclv related to the severity of dvsp 
m ilMim opmtmn 1 his rel ltmnship held «von when tv pe of operation and 
001,1,11,1 ,turns wer, disreg irded (F,g F) Slight postoperative dvspnea was 
j-r. - u t m tlurtv three p ,tn nts or 7 2 per cent of the entire group More than 
,1nn,s " l ,M ‘ n C(1,n1K ^ ort »»reith before surgery and onh 

u\u'-7 J '" 1 '"”'" 1 nm,U-,r ' 1 Modem it e* postoperative dvspnea was reported 
, » bv, pan nts or, l, percent of whom one half had been equalh d,s 
’ " t,,r ' hi this group onh two patients had bon iv 

pr, "ppm! t\ oh 
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ns 

C ' , c\eie postopeiatiy e dyspnea Mas found m ty\ entr-foui patients oi 5 2 pei 
rent all of uliom had been dyspneic befoie suigeiv The eleven patients oi 
2 4 pel cent uith the most seyeie postopeiatne dyspnea had lepoited all de 
glees of shoitness of bieath befoie opeiation (Fig 8, Tables III and IV) 
Jloie significant Mas the fact that nine of these ele\en patients died uithin 
one icai aftei surgerj Appaiently pulmonary insufficiency seiere enough 
to cause total disability is not long compatible uith life 


72 * 76 % 52 * 2 . 4 * 

SLIGHT MODERATE SEVERE TOTAL 



Preop Post op Preop Postop Preop Postop Preop Post op. 

Hr S —The relationship of late postoperative disability or dyspnea to disability before 
operation (4G0 patients) Postoperative deaths due to respiratory insufficiency arc Indicated 
by the central columns in black The code Is the same as In Fig 4 

(3) Conelation betueen postopeiatne disability and pieopeiatne func 
lion studies is less releyanl because important \ ambles mtiodueed dunng the 
uitenal aie neglected The analysis y\ns undeitaken hoyyeyei, to dcteimine 
m lictlici am lclationslnp exists bctMeen initial function and latci disability, 
lnespectnc of the choice of opeiation and nitonening complications Pa 
tients y\ho died of respnaton insufficiency ueie included in Ihgs 9 and 10 
as the extieme of disability An almost lineai lclationslnp existed betyyeen 
prcopientne MBC and late postopci atn e disability Patients Mho later had 
no symptoms of insufficient pulmonary icsene had a mean preopeintne MHO 
at 81 per cent of predieted With increasing postoperntne disability the 
preoperntnc Mr>C s y\cre smaller The mean y\as only 48 pci tent for those 
totally disabled aftei surgen and 3S per cent of normal among the resjnrnton 
fatalities /pi" 0 re emphasises that, lrrespeetnc of type of ojieiation or com 
plications fan initial MBC of less than 50 per cent should sene as a naming 
the majority of patients in this category did not suryne or yiere yen severely 
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lo t fit alb disabled In operation The Mtal eapacitv paralleled the MBC at 
fir-t \\ ith inert a«me disability this relationship ivas lost the average vital 
<np' , <'itif*'- for patients m the moderate severe and total' disability 
•-roups ncre ill the s one A progressive increase of the air veloeitv index 
\\ the result 
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Exorcise y entilation y\ns of no piognostic yalue no niattei whether this 
was expiessed in liters pei minute 01 in liteis per squaie meter of both sur 
face aiea (Fig 10) The ayeiage walking yentilation of IS L pei minute 
among iclatneh noimal patients mcieased slightly to 20 L pei minute 
among those who later complained of slight dyspnea The yentilaton lcqmie 
ment for this standaid exeicise w r as then the same, niespectne of the dcgiee 
of postoperative disability Those who latei died of lespiratoiy insufficiency 
actually shoyyed a slight 1 eduction of yyalkmg yentilatory lequnement (Fig 
10) This yvas piobably an expiession of nndeiy entilation the pulmonary 
lesene was so limited that the body could no longei adequateh lespond to the 
stimulus Hypeiy entilation dining mild exercise is thus not a pioininent fen 
ture and should not be eonsideied of diagnostic significance Among the 
tubeiculous patients y\ho consistently do show a tiend toward hypenentiln 
tion nic those with pleuial fibiosis, fibiothoiax, or empyema 31 3 " This is proh 
ably due to incieased reflex stimulation of the lespnatory centei Impaired 
oxygen diffusion capacity leads to demonstrable hypei ventilation only dming 
the acute phase of hematogenous pulmonaiy tubeiculosis 33 

The walking index oi latio of exeicise yentilaton lequnement to maxi 
mal rentilatoiy capacity (jMBC), inci eased pi ogiessn eh T ns postopeiatn e dis 
ilnhty became moie pioininent Because the liumeiatoi of the fiaction re 
inauied essentially unchanged, the walking dyspnea index was entneh a re 
flection of the maximal lneathing 

Impioiement in pulmonary function and a deciease of dyspnea after col 
lapse fhernpy oi lesection hare been lepoitcd, such cases aie frequently 
slioyvn at theiapy conferences Fiom Fig 8 it appeals that a deciease m 
dvspnea after operation yvas lepoited by r only tlnee patients Detailed physi 
ologic studies lead us to beheie that a gam m function aftei such opeiafions 
lsexfiemeh rare If it does occur this finding is usinlh readily explained by 
aeiation of prenouslv atelectatic lung, resolution of pneumonic infiltration or 
lesorption of intrapleural an oi fluid Veil occasionally geneial debility 
yyeakness and excessiye sputum preclude maximal effort befoie opeiation 
In such patients the elimination of secietions and lecoyeiy of strength after 
suigen may gne use to an appaicut nnproyement of function which orci 
shadoyys the actual loss due to surgery ’With pieoperatne pieparation with 
piescnth nyailnblc chemothei apeutic agents such cases should be laie If 
has been said that i eduction m the size of the hemifhoiax should benefit pa 
tients yyith obstructne or ‘‘compensatory” emphysema We Jnye neyei seen 
such a patient s lespiraton status impioycd by any foim of collapse therapy 
except pneumoperitoneum On the contiary, these me the patients y\ho are 
most vulneiable to any interference with the bclloyys mechanism of thorax 
md di lphragm (Tables ITT and IT) 

( \SF IUsTORIE.-' 

C\«u ' —w ATeO i SO inr old maehmrt in' fir-t lio pitnlired m 1P1I l>ocnu«(' of hi 
lateral pulmonary tuberculous infiltration y'ltli cn\ities at (Jio apex of t/io ripht lime 
Treatment with artificial pneumothorax and eln'nl pneuinonoh sis y a" followed by per 
M ciont pleural effusion y\ hen pneumothorax refills uere abandoned because of total 
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atelectasis, he left the Ranntonum against advice, and after resting at home for eighteen 
month", he returned to work During 1940 he was bnefiv readmitted because of hemop 
t\-i" A client roentgenogram shoued a homogeneous densitv over the entire right lung 
Ofirt more the patient left contmrv to advice At tne time of his last admission 
in F'47, he was cachectic with seiere clubbing of the fingers The chest roentgenogram 
'hour (Mivdropiieumothornx with total atelectasis on the right There was a 100 per cent 
fongn rid retention Purulent tuberculous drainage continued for three 3 ears after de 
pend, nt clo*cd thoracotomv Despite suction and prolonged antimicrobial therapy, there 
M , no improvement (Fig 11) At this time there was \en severe ventilators msuffi 
eienci iwth MBC 13 L per nnnute (20 per cent), VC 1,450 cc (32 per cent), and walking 
dispnea index 70 per cent (Tnblo III) Bronchospirometn revealed the right lung to be 
fnnrtionless Operation uas undertaken after considerable deliberation over the course 
of out 11 ir The decision to operate uas influenced parth bv the patient’s desire for 
Mirg.n and parth b\ the feeling that collapse on the side entirelj* deioid of function 
should not result in farther rcspirntori impairment The patient denied (fyspnea with 
inodernti actniti although doctors and nurses had observed breathlessness even at Test 
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to resume, and the pntient breathed onh when urged to do so Because of cvanosis, not 
accompanied bv ani urge to breathe, electrophremc stimulation was instituted and continual 
for sue hours Fnirlv adequate respiraton excursions then resumed, but breatlung remained 
labored In spite of longstanding empvemn and marhedK thickened panetes (Fig 11) 
there uas a marked mediastinal siring and paradoxical motion of the anterior chest null 
During the first tiro dais after operation, oxvgen iras given internnttentlv because of ciano«is 
and dispnea This was alirais followed bi diminution or cessation of respirnton excur 
«ions A'entilntion became progressn eli le«s elTectne, and the patient died on the fourth 
dm nfter operation 

Cvse 7 —M R , a 3S rear old housewife, was first admitted in 1030 with bilateral apical 
infiltration and a cavitr at the apex of flic right lung She was discharged after three vears 
of bed rest treatment, the disease npparent'v arrested She remained well for eight rears but 
was then readmitted because of marked weight loss and a productive cough The clit-t 
roentgenogram revealed extensive cavitation nt the apex of the right lung The clinical 
response with pneumoperitoneum, streptomvein, and PAS was poor Six months after 
admission there nas sudden onset of dvspnen fever, and chills, and the roentgenogram 
revealed complete obliteration of the right lung field Bronchoscopicalh se\ere endo 
tracheal and bronchial ulcerations were observed, and there was n stenosis of the trachea 



Flp 12 _Prcopornttvi chest roentecnogmm of Patient 7 Pronchoscoplc observation 

revealed a low tracheostenosis with obstruction of the right main bronchus Marked com 
in ns.itorv emphv s, nm was demonstrates! 


with complete obliteration of the right main bronchi!*- further prolonged treatment with 
ihciuotherapv including isomazid n suited ir improvement of Unheal lesions but the coin 
plcte obstruction of the right main brom hu- persisted (Fig 12) ‘-urgorv was considered a* 
a last resort in an attempt to reverse the progress,v,h downhill course 4t that time tlw 
MBC was 22 U jar minute (33 per cent), the AC 1,4*0 (47 per cent), and tiie walking 
dvspnea index was G" per cent (Table ITH The right lung was pr. sumed to be func 
tionless, but broucbospirometrv was not performed b(ciu*» of the renditions of the major 
nirwivs Following a first stage thoraeoplnstv in April, I'm , secretions became diflirult 
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to raw There was a harming cough and severe dvspnea The patreut eTentual ^“ 
fw ,j *„WntU for a second «tnge with resection of the fourth and part of the fifth 
to he pi rformed one mouth later Immediate^ afterward breathing became labored 
and there was marked paradoxical motion of the chest wall In spite of interim en 
otwea thenpi endotrachenl auction, and other supportive measures, dvspnea became 
pro n-«»eli niore -eiere md cough le<=s effective On the second postoperative dav, 
follow,ng a paroxe-m of coughing the patient became deeply cxanotic and lapsed into 
comn In spite of endotracheal owgen insnfSation, she died a short time later 


CONCLUSIONS AND SUMMARY 

X(reciuug studies of pulmonary functions Mere performed before opera¬ 
tion in 4(10 patients with advanced pulmonary tuliei culosis 

Pnrlv mortnhtv was 4 3 pei cent Respiratoiv failme accounting for 
tight of the twenty deaths dining this penod, was the most important cause 
of t.uli mortnlilv All eight pitients in this group had a preoperative ItlBC 
of less than 4a L per minute a vital capacity of less than 2 L, and a walking 
dvspnea index of over 33 pci cent “Compensator!” emphysema was the most 
important faetoi contributing to pulmonary insufficiency and was demon¬ 
strated m all but one of the patients who died of respirator! failure The 
picopei One function of the lung to he operated upon was not a factor m 
mortnhtv in four of the eight patients who died the involved lung had been 
devoid of function preopciatwelv Among nmetv-six patients who had sur- 
geiv on the major side there weie no fatalities 

Late mortalilv w is 3 3 per cent Respnatoiv failuie was lesponsible for 
sin of the seventeen deaths which occurred from thirtv davs to sin rears after 
operation Recurrent bronchial asthma cor pulmonale with cardiac failure 
and eompcnsatoiv ’ emphvsenm weie the mam complications m this gionp 
t 'oiiK dvspnea was reported after recovery hv 22 0 per cent of the pa¬ 
tients md tins led to severe or total disabihtv m 7 8 per cent Pulmonary in¬ 
sufficient \ severe enough to cause dvspnea at lest oi with slightest exertion, 
was not compatible with life foi more than a few months Postoperative dis 
ahihtv could he lelnted to the tvpe and extent of operation to the degiee of 
pre.ipirntm dvspnea and to objective measures of preoperatire pnlmonaiv 
tune turn 


Tin muss to objective data concerning pulmoiinrv function, at the tune 
opM-ipu decisions were made did not eliminate cntirch postoperative invalid¬ 
ism mul ih itlis due to respir itorv failure 


Most i.itrn an unfortunate outcome after surgerv occuned when pleas 
", ,, I T >t r,ht, \ ,s *»d w ird phvsic mi prev nled over objective data from 
;; ^ due to misconception 0 f 

, , , , ,U ' V-irtunlarh anteriorlv ,s more easilv tol 

,lnu ,,l * ur ‘"Haps, procedures 1 unctmn studies were of httle prog 
nusta x iha m p n,,.ts vc.th h,omIn,! asthma if evaluation w,s , V , 
in si mpt,.a, u„ oi,,-, r«„ , , °'Tnntmn was made during 

t IMtunts who vine considered to bn ton ,n < 

hav< Him Tam stm i,s <h,l , , , 1 IO 1,0 100 ill to 

... 
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induced pneumothoiax, hemothorax, atelectasis, bionehoplemal fistula yitli 
cmp\ ema, and extension of the disease yeie the most fiequent offenders in 
this legaid 

Raielv liusiiiteipietation of mailable data uas lesjionsible foi lespunton 
fatalities 01 undue disability aftei opeiation The MBC and othei tests -which 
aie sensitne to obstiuctne 7 entilatoiy insufficiency, paiticulaily timed utnl 
capacity and ail lelocfly index, pioied of gieatest piognostic 7 nine The 
\ C Mas often misleading and yas useful chiefly 7 \hen neyed m the light of 
otliei function tests The yalking chspnen index usualh yas meiely a ic 
flection of the MBC and not of exeieise -\entilatory lequnement The bieatli 
holding test ptoied to be yorthless Bionchospnometn yas the most helpful 
of the special tests Residual \ olume and mti apulmonm 7 mixing deteiminn 
tions in these cases sened chiefly to diffeientiate tine emplnsema from In per 
inflation 'With mci easing expeiienee the mtei pietation of these tests nil 
pio-\ed and lesults yeie \ne\\ ed yitli greater confidence thntcen of the foni 
teen “lespnatoij ” deaths oceuned during the fiist tlnee of oui sixneai ex 
penence 
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I>1 d VIB BASINGFB, Chicago, Ill—In the alienee of Dr TVilhnm Adams he lias 
sugi.« t< 1 that I present some of our experiences m the problem of pulmonnrv insufficient;! 

It has Insn our fuhng that puln.onnn hvpertension is a significant factor in the death of 
these pitnnts with riduecd pulmonarv reserve Data presented before this Vssociation one 
u-ir n„o h\ Dr V 1 mis shooed that dogs died of heart strain when the pulmonarv nrterv pres 
Mir< uas men ised jno j>er e< nt or more than normal values in animal* m which the pnlmonarv 
fan turn oa* reduci d to 15 pi r cent of normal Experiences over the past vcor in four pa 
tieuts with iMrenie n duet ion in ptilmnnan re*ervc ns measured h\ accepted pulmonnrv func 
tion stab s ], iv, shown that in three ca*es there was objective evidence of heart strain and/ 
<t ill a ujk a it ion lif fori or aftir operation as measured In inerca«ed pnlmonarv nrterv pres 
it s o gns of deeom|>ensation Tin ncording oximeter ivns useful in tnnnaging poslopera 
ti\ T1 1 mt v following mtr ilhoraeu surgeri 

i v leb i This i a 5 s \ear old man with carcinoma of the right lung, and the data are 
ml Dun the no gen saturation tin air four hours postoperativeh With 225 to 5 I* of 
"..in tl. siiurumn rrn« brought up to 9j to it, j H r rent In cheeking these patient* the 

lii l,r hn,. 1 vs Is. a th it *ihlotn is mor, than 5 I*, of owgi n nei e* nrv to bring raripheral 

ut i ii i up tr, nnrrral \-ila a 

i h 1 i This i< a nt \i-ir old man with umrhedl\ ri lui i 1 pubnonan function n earei 
f 1 " ’ ,,= i ' tT1 - n ‘ found mil a right pnrumnnei tomv was p, r forrafd He did will 

t r ‘! 'it' |' “I”ration hut then ltiervasing amounts of nxvgen were 

f , k ,'” ' " < ”' t ' folk win., opi ration from cor pulmonah and right heart 

,, . ‘ ' "/ r ' I' r ’' 1“ tatiu julmonan t.r’erv pr »„< n rm of Mime solu 

1 1 ‘ 1 of tl ptlnonarv mm Po top. ratnelv n ft, r l.gaf.on of the 

of ill. solution Thr normal mean pulmon.rv art. n pr^sure i* 
' ‘ tl van tlin hit nU.ut 1<15 ,ar e mer as mth.spns 


^ » 
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TliO'-o dntn bnng out the role of pulmonary hypertension ns n factor in heart strain, 
perhap i ontributing considerably to the deith of these individuals Relatively small amounts 
(1 to J L/nnn ) of oxygen are neeessnn to increase the oxygen saturation values and bring 
them to normal From these experiences it Mould appear that oximetry Mould be helpful in 
estimating the risk of resection in patients uitli severely reduced pulmonary function It is 
realized that the cases spoken of are not pulmonary tuberculosis, but uc think tho principles 
are equalh applicable 

I)R P\tL IC EMIR, Tr, Philadelphia, Pa—I have greatly enjoyed Dr Gnensler’s fine 
presentation \Yo have been interested, also, m finding methods of obtaining more accurate 
preoperative evaluation of pulmonary function in the poor risk patient or the patient with 
boderline pulmonary reserve About two and one half years ago, mo began studying pul 
monnry function by using a method originnlh devised b\ Cnrlens, Hanson, and others in 
Crafoord s clinic, uherein controlled occlusion of the right or left pulmonary artery and the 
corresponding bronchus was carried out in the mtnet unnnestlictized patient AYe have been 
using a special triple lumen cardiac catheter, uitli recording lummn both proximal and distal 
to an occluding balloon This catheter is passed m routine fashion into the right or left 
pulnionnn artery, and tho balloon is inflated Math Uiodrnst until the nrten is occluded A 
Carlcns endotracheal catheter has been used to occlude the bronchus on the corresponding 
side In this manner, Me feel we have created for all practical purposes a physiologic “pneu 
moneofomy ’ and studies have been made on the function of the remaining lung Through 
tho triple lumen catheter, mo have been able to obtain pressures at various locations in the 
pulnionnn system and, in addition, careful gas analysis studies have been performed Our 
studies liaye confirmed many of the observations Minch the essayist has related AYc have 
studied about tuenty three patients at present, nnd almost all liaye been poor risk patients or 
pntients uitli borderline pulnionnn reserve ns determined bj the ordinarily used methods 
The «nmll numlier of course, allows no definitive conclusions, how oyer, there hns been a 
definite relationship betueen a sustained increment of the main pulmonary arten pressure 
follouing ocilusion of its right or left branch nnd the occurrence of dyspnea in the post 
operatiye period follouing resection A\ e have felt flint this yyill be a good method for de 
ternuning rejection tolerance in poor risk patients undergoing extensive pulmonary surgery 

OH \\ ARhlXER AAOODRUFF, Snrnnnc Lake, N Y —Dr Gneusler’s emphasis on the 
import ince of pulmonary insufficiency as a cause of mortality nnd invalidism is very timely 
I believe he yyould agree that studies of pulmonnry function are being used increasingly 
more but that many patients ycitli borderline function arc still being subjected to surgery 
without the adyantages of such information It j« true that most pntients will yyithstand 
major thorni ic surgery without incident because yve arc normnlly endowed with great pul 
monary reserves In the poor ri«k patient however, it becomes obligatory to liaye accurate 
hiiouhdgc of the extent of impairment 

I should like to n'k Dr Gnensler if early in his studies he did not find tlint hi 0 con 
templnUd surgical approach had to lie changed becausi of his findings \\ e linvc had that ex 
pirience on a numlier of occasions 

I agree with Dr Gacnsler that a Lucite thoracoplasty is frequently better tolerated 
than a routine thoracoplasty or a resection but it should be emphasized that the reason is 
that with this method it is possible to maintain nn mtnet thoracic cage uliuji is particularly 
import mt in a patient with limited reserves 

I am not clear n« to tin importance he attaches to vital capicity AU have f< It for a 
long time that the \itnl capacity, of itself is of little yalue and in many instances has liecn 
misleading 

I)], I D\\ Mil) A GAFX^IER Boston Mass ^losing!—Dr Basinger s comments ar> 

1 ionic out by our clinical observations in most of our Inti rispiratory deaths pulmonary 
hypertension i or pulmonale and c inline failure were tin import int < omplu ation« The lungs 
hoyt n tri mi minus i ip icily for handling increased blood llou without lpprccmhlo rise in blood 
pn."iiri Most of our patents had unil iteral or wtll lot ihzid diseas* and pulmonary hyper 
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tension v. is not demonstrable When there was an additional diffuse process, usually empliv 
M in i asthma, or pleural disease, increased resistance to blood flow could be demons e 
,t times Chrome empyema and fibrotliomx were the worst offenders m diminishing the 
lu„ K s ability to handle increased blood flow, during bronchospirometrv the oxygen uptake 
u i 4 * ttlw i\ c muHi more ®o\orclv diminished than x enti Intion. 

Y ir lol* oxinictn under %inoub conditions of exercise or high and low oxvgen breath 
im_ l' l«ing advix nted as a test of pulmonary function Further investigations in tlus regard 
in needed Wo ha\e not used this and other “over nil ’ function examinations as part of 
our sen ining because these tests evaluate the cardiorespiratory system m its entirety from 
the mouth to the peripheral capillaries If the response is abnormal one does not know 
vlutlur this is due to ineffective mass exchange of nir increased dead space or functional 
n 'idu d rapacity, inefhucnt intrupulmonarc distribution, impaired diffusion of oxygen across 
tin nlwolar cnpill m membrane, the existence of abnormal venous arterial shunts, defective 
transport of owgenntid blood, or ,mompleteh “nrtcriabzed” blood in the ear lobe 

I Jr Xemir mentioned his cxpcriem ex with occlusion of one branch of the pulmonary 
nrt< rv I hau lmd an opportunity to see tins examination performed b\ a group in Sweden 
''tnhin„ roentgenogrtpliic and physiologic oliservntions hate been possible with this method 
The (omplexitc of nuulnnen, howecer, and mnneucers required for simultaneous broncho 
'piromitn, cardiac i ntlietcnration, and angiocardiography define this technique as a re 
search procidure rather tli in a routine function test 

Hr Woodruff has assumed correi tly that our surgical program has been modified from 
time to turn In results of pulmonary function studies Four scars ago, in Denver, we pre 
Hatid a p ijm r di ding with i numlicr of patients with marginal function who were treated 
In i xtrapleural pneuaionoh si« Our studies had suggested that this is a most function spar 
I"g pro. edure s,„ nl i , r p st q thoracopl tst\ has liecn 1 irgck alnndoned m favor of sub 
i" t d plumbigi Ihmii'p it was shown that the litter jiroceduro is more easily tolerated from 
a r. piraton st indpomt in tndmdual patients as well, the surgical program has been de 
Ini I or nit i rt d ae.i.nling to linages in pulmon in function 0< c istonnlly, results of studies 
from tin ldiuntim 't nu] our hinds when wi had bean willing to operate on the basis of 
ihm .1 oln. rvutnms Won often, results of function studies encouraged us to proceed wit), 
snrg, ri in p itn tits who elinicalh appear, d to liner lnsufhi a nt pulmotmn re'ene 

W, igns with Dr Woodruff that the measurement of the y,tnl capacity n = such is of 
htth y due i tun it mg pulmon m rr-poe We continue to measure this yolume for the 
■ d"d,t,„» of tl,. ur yiloi.n la.lix unpimmnt of Mtnl eapnetty than of maximal 

iTi-itliing c ip I. "\ ,s unite itm or ,n olMruetn, yintditon defect \1= 0 , the vital capacity 

Z'll'JZr ’ f " K Inr " m,e ‘ <,f "" S '° 1UmC <,( ' 1, ' cri " 1 during various t.nic intervals is to 

W| should III e to tliunl the di«cus ants for their comments 



ARTERIALIZATION OF THE CORONARY SINUS IN OCCLUSIVE 
CORONARY ARTERY DISEASE 

III Coronara Flow in Dogs With Aorticocoronary Sinus Anastomosis 

of Sex Months’ Duration 

Alvin A B vest, M D , Alberto Adam, M D , Harry Goldberg, M D , and 

Charles P Bailey, M D 
Philadelphia, Pa 

T HIS is a continuation of previous studies 1 2 undertaken to investigate the 
physiologic changes which occui m the coronary cneulation following 
chiome ni termination of the coionan sinus for a peiiod of slx months 

Pratt 4 and Robeits and co Yorkers 5 first descnbed the concept of revas 
culanzing the heart in occlusive coronary artery disease, by perfusing the 
mjocardium m retiograde fashion, through the coionaiy sinus Beck and his 
associates 5 * developed this pioceduie to its piesent two stage technique It 
utilizes the placement of a free vein graft between the aoita and the coronarv 
sinus at a first stage, follow ed by the subsequent partial ligation of the coro 
narv sinus to 2 to 3 mm one month latei 

Oui expenments in dogs m which the coronary sinus had been artenalized 
for four to eight weeks leave no doubt that aiterialization of the coronarv 
sinus favorably modifies the moitahtv following the acute occlusion of the 
left circumflex coronary aiteiv Moieover, in these dogs, we weie able to 
deinonstiate that (1) the myocaidium was perfused in retiograde fashion, 
(2) the mvoeaidium extracted oxvgen fiom the blood flowing retiogradelv, 
and (3) there was an increase m the mteicoionary collateral flow r 

It was obMoush essential to study dogs in which the coionary sinus had 
been artemlized for piolonged penods of time to determine whether the letro 
peifusion of the myocardium, and the increase in mteraitenal collateral flow 
peisisted We are therefoie leportmg oui findings m a group of animals in 
wluch the coronary sinus has been artenalized for a period of six months 
An additional group of animals in which the coronary sinus is being aiterial 
lzcd for a period of ty\ elye months yvill be reported upon 


method 


Mongrel dogs, whose weights varied between 12 and IS kg, were first prepared, 
using the two stage operation developed bv Beck At a first stage, through a left 9idcd 
approach, an external jugular vein graft was placed between the nortn and the coronan 
Mnus Tlireo to weeks later, using a right sided approach, the coronarv sinus was 
partialh ligated over a probe to 2 to 3 mm Six months following the second stage, phvsio 
logic dnta were obtained The animals were anesthetized with intravenous sodium pento 
barbital, after which artificial respiration was maintained, using n Pncophore respirator* 


From the Denartment of Thoracic Surcerv and the Brith Sholcm Cardlo-Pulmonao 
I-aborntorv Hnhnemann Xlcdlcnl College and Hospital and The Uallrj Thoracic Clinic. Phlla 
dolphin, Po- 
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sponsored b> ttic "National Heart Institute 
Kiev I veil for publication yia' 3 1151 

Obtained from the Mine Safct> \ppllance Co PltLeburch Pa. 


1SS 



jnk^T FT \L MtTH I \iI/_\TION- OF COKON \R\ lb > 

ntlirlH.l to an .mlotn.Ii. .1 tube with mfl itul rubber cuff to -upph intermittent po-itiee 
[.r, nr.' Till life clmt v, .« entered ibrouji tlie fourth ml in on nl “.pace and all pleural 
md p. rinr.hal adhe-ion- were .lienled The vein graft era- tit—ei ted utd examined for 
jnt, nee tilde dev-, eettli patent graft- mere u-od An umbilical t ipe wa* pa-«ed around 
tt„ ^ ri fj to facilitate it« oeeln-ion at the appropriate moment A needle tipped pole thene 
rath, ter atta.bed to a mat.r manometer era' m-erted into the coronare sinu° after trhich 
< iron .re -mu- pre—ure and blood -ample for determination of oengen content were ob 
tniiud (Ji„ 1' The graft ira= occluded for a period of two minute-, after evlnch the ex 
P nincnt e\n» repeated (Fig -) Tin eirciimflev braneh of the left coronare nrteri rras 
di i tid to it- origin and li_ate<l Vn met-ion nas made in the mall of the artere distal 
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Fig 2—A needle tipped poh thene catheter was pretlousl} Inserted Into the coronary 
"Inns proximal to the site of partial ligation and attached to a water rnanoim ter The aorta 
to coronorj sinus \eln graft Is occluded and the fall In coronnrj sinus pressure Is recorded 
Following occlusion of the graft a period of two minutes Is allow cel to elapse before a. blood 
specimen Is obtained for determination for blood oxjgcn content 



Fig '—The clrcaiintl. x branch of the left coronnra art're 1« carcfu)l> dissected to Its 
origin where it l« llgat«-d The art. n is Incised dl t il to tin lltatur and a poI> thene 
catheter Is Ins. rted irtrograde bloc! flow from this distal t umm Is record d and blood 
sunt Its are secured for th deti mdnatl >n rf oxxgrn cntint 
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RESULTS 

A Retrograde Blood FIon Fiom the Distal Cut End of the Ligated Cu¬ 
cumber Branch of the Left Coionan / Ai tenj —The lesults aie shown in Table 
I "With the giaft open, ictiogiade blood flow langed fiom 3 0 to 18 0 c e per 
minute, with an a\ eiage of S 3 c c pei minute 



4—The left circumflex nrterv was pre\iou<d\ ligated at 4ts origin and the distal 
‘imunt \u\n cannulntod with a polvthene catheter The aorta to coronarv sinus \ein graft 
** ocrliiilofl and the distal end of the transected coronary nrterj Is allowed to bleed frcelj 
through the cannula for n period of two minutes during which time minute blood flow is 
recorded \t the conclusion of this interval of time a blood sample Is secured for the 
termination of blood ox\g»n content 


Tolloumg the occlusion of the aoitieocoionan sinus \em giaft the letio- 
grade circumflex aiten blood flow remained unchanged m all dogs except 
rog G, in which it nictcased sigmficanth These \ulues langed fiom 3 0 to 
ITOcc pei minute with an neiageofSTcc pei minute Dog G mil be dis- 
• ussed Inter, with icspect to findings at post-moilcm examm ition 

15 Ostiqcn Content of the Bchoqiadc Blood Collected Fiom the Disled End 
of the Transceted Circumflex Arten/ —The icsults are shown in T lble I The 
nines for the owgen content of this ictiogiade lilood ranged fiom 10 0 to 
174 \ohimes pei cent with an aaoiage of 14 G \olumcs pei cent Concomitant 
s *uii]tU s of aortic blood ringed liom 1(>4 to 10 1 nolumes pei cent with in 
iiernce of 17 7 \olumes per cent 

1 I'on e ireful inspection of these d itn it nine he obser\ e d th.it the .inimals 
di\idi> themsehos into two groii])s In Dogs 4 I, md G tlie letrocrade eir 
"untlox lilood ox\tnn content e loseh approximates th it of toitic blood mid 
>s therefore arterial in nature Tn Dogs ] 2 md 3 tlie letroeride circumflex 
’ "ud ow c , i, („ u t c „t approximates tbit of the pulumuaic arter\, and theie 
r<prevents mixed m nous blood In none ot tluse mini iK w is tlie retro 
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Turn I Hftpoorade Blood Frow vnd Oaacen Content of Biood Ikom the Distu Clt 

fNI> OF THE LlOATEI) LEFT ClrCLMlLEX ArTER\ IN «!lXLS ArTEHMIZFD DoFS Of SIX 

Months Dct-ation With thf Grvft Open vni> Ciosfii 



GRAFT 

OPF\ 

CP\FT CLOSFD 

1 



PUL. 


, CII Cl MHE\ \RTER\ | 

CIFCUMFLEN AI TEP\ 

AORTIC BLOOD 

\rTFr\ 

IK)fl 

FLOW 1 

O CO\T 

FLOW 

O CO\T 

CO\ T 

c\r 

S \T 

CONTENT 

\° | 

CC/VtlN | 

voi % 

C C /WIN 

vor c /r 

VOL. 97 

VOL. % 

<7r 

VOL. r /r 

l 

IS 

Approx 

10 

17 

14 0 

16 9 

165 

100 

11 6 

2 

0 

13 2 

0 

is a 

16 9 

16 0 

100 

12 4 

a 

4 

14 S 

3 S 

15 1 

19 1 

10 3 

90 

14 S 

4 

“ 

17,2 

/ D 

17 0 

10 0 

19 0 

05 5 

15 5 

"j 

a 

la 3 

a 

17 2 

164 

178 

02 

13 5 

0 

s 

17 4 

12 

172 

17 S 

17 3 

100 

12 3 

A ter 

s a 

14 6 

s 7 

16 6 

17 7 



13 4 


ginele blood o\} pen content within the innge of the nomial coionaiv sums 
blood as was imaiiabh tound in the dogs in which the coionniv sums had 
been aitei mliped foi one to two months 

Following the clamping of the lein giaft the blood om gen content lose 
fiuthei towaid that of amtic blood These nines langecl fiom 14 9 to IS 3 
■volumes pei cent with an aveiage of 16 6 volumes pei cent In Dogs 4, 5 and 
6, these values lemamed pnetieally unchanged In Dogs 1 2 and 3 theie 
was a definite use 111 hlood oxv gen content towaid aitenal levels 

C Mean Coronauj Presume and Blood Oxyejen Content —The lcsults aie 
shown in Table TI With the giaft open the mean coionniv sinus piessuie 
1 inged fiom S3 to 100 cm of watei, with an aveiagc of 90 cm of watei The 
owgen content of the aitenaliFed coionniv sinus blood nnged fiom 149 to 
19 6 vninnies pei cent with an aveiage of 17 4 volumes pei eent 


TvniFir Mfan Coion \r\ sincs Pi fssi tf vndOwcin C onti nt of ( 01 on vrv **in i s 
Biood in ^ini s Aftfi i\u7ed Dors of '■on Months Diitvnox With thf 
Graft Open \ni> Cmised 
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1 ollowing the occlusion of the aoiticocoiomiv sinus vein giaft coionarv 
sinus piessuie i.ipidlv fell to noun il 'I he piessmes 1 mged iiom 6 0 to 7 3 cm 
of w itei with in ivei ige of 6 4 cm of watei The c 01 omi v sinus blood o\v 
gen content i inetd fiom 4 8 to 103 volumes pc 1 Kilt with an avtrige of 8 1 
v ninnies per (1 nt 

PI-CC S'lON 

Tin most stuhinc finding of tilt experiment rtvolvis Mound the 111 irked 
changes whit li mmr in tilt t 01011 irv t lit ill it 1011 bet wet 11 flic second and sixth 
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month m ammds m whuh the coronarv sinus has been artenahzed. In the 
< omnnn, sums art emitted animals of foui to eight weeks duration we mere 
vhle to demonstrate unmistakable endence of retroperfusion of the mvocardta 
, apilhin bed In the piesent senes ot coioiiarv sinus aitenahzed animals ot 
six months dm itimi ve were unable to demonstiate this retioperfusion o 
the npiH.U' bed This finding was furthei \enfied bv injection studies per¬ 
formed in vn o In these experiments a colloidal suspension ot carbon particles 
ms injected into the aortieocoronarv sinus tem giatt of a feu animals under 
art trial pressures of 12(1 to 110 mm after the circumflex coronarv arterv had 
lx eii limited Under these circumstances minimal injection of the left ven- 
tru h w as noted whereas the rapid and abundant filling of the pericardial and 
t ndothoraeu ccssels was sinking ' 

Tlust injection studies suggested that aiteimlization of the coionarv sinus 
prndm ed an mciease m the extracaidiac collateral anastomosis This increase 
in the eoronaia collate! al circulation was furthei substantiated hi our physio¬ 
logic studies md was demonstiatect in our senes of both two- and six-month 
inimals 

In mu pte\ tons studies' wc h.we been able to demonstrate the presence of 
onl\ i sm ill amount of intenoron.ni collntei il flow in normal dogs In those 
mimnls ittmgr.idt tueumflex coroinm arteiml flow was small in qnantiti 
m< asunng ipproximatcU ITce per minute md was al tonal m nature The 
arttrnl mturt of this blood cUmonstiated its origin to he from neighbonng 
toromrs aittues md thtrefore repusented a measuie of the mterooronatv 
arttrnl tollattral flow 

In i serus of animals in which tlu toronui sinus hid been nrtenahzed 
tor tour to eight wetks these findings were sigmfic.mth changed- "With the 
gritt open the i oroinrv sums contained ntenahzed blood under sastemic 
prtssurts (omomitmth retittgrado circumflex aitend blood flow aaeraged 
122 t < jm r mmutt wlmh rcpiesenled a sigmfieml increase tner the normal 
Murmur this rttiogndc blood differed from that of the normal animal m 
tint it w is now matkedh thowgenited the oxsgen content being within the 
rmu ot tint of normtl t unman sums blood The desaturation ot this blood 
<b irl\ dt mmislr it< d the ntropcrtusion of the imoeardml capillars bed with 
tlu • Mra< turn oi iiwtui U tin nnot ordinal Following tlu ot elusion of the 
aortu in oMm in sums win graft <ht nfrogride t ireumfltx coronan arterial 
bb.od flow durtis.d to 7 1 tt pt r mmutt md igam btcame lnghls ox\- 
niut.d Tlu art end n iture ot tins blood mini signifies that it has arisen 
ironi nit. II ormi ir\ anastomose Tins ntrograde toron ir\ lrterial blood flow 
r< pri m nts , lourfold m. r* is, dmu tin txpt.ltd normal retrograde flow 
' 1 " \ '' r “' n '' U ri }> r » si nts i sigiufu mt nitn is ( m the intenoronan 

"t i ri d an lsiomotu flow 

lath, pr.s.nt v, n ,s m mmmls m wlnt h the cron in Minis has bun ir 

• ii "In- sm months th. findings m Mcmfuanth changed trom those m 

1.1 onr to . icl.l w« i K croup 

u. "t" v: r, T-'pi r miu- 

,, j uiiinaK i iocs tat.dfii tins r, tmgrade blood is highh 

’ ' huh is «,thm the rangt of cumin,tanth 
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diawn samples of aoitie blood The oxtgen content of the letrogiade eoronan 
arterial blood m these tinee dogs aveiaged 16 6 columes pei cent., as compaied 
to an aceiage oxygen content of 17 7 -volumes pei cent m concomitantly dinun 
samples of noihc blood The aiteual natuie of this blood demonstiates that 
it has onginated fiom neigliboimg nnligated aitenes This then demonstiates 
an inciease in intei coionaiy collateial flow In the lemnining thiee animals, 
the oxygen content of the letiogiade blood aceiaged 13 columes pei cent, as 
compared to an aveiage oxygen content of 17 volumes pei cent in concomi 
tanth diawn sainjiles of aoitie blood, and 13 columes pei cent in snnultn 
neouslv drawn samples of pulmonan aitenal blood This letiogiade cnenmflex 
arterial flow is theiefoie wuthin the lange of pulmonary arterial, or mixed 
venous blood It in no wav appioximntes the highly desatuiated blood found 
in the two month group Bather, it is suggestive of an incomplete loss of 
retioperfusion, with mixing of blood fiom mteraiteiial and capillaij bed 
on gin 

Following the occlusion of the aorticocoionaiy sinus vein giaft, the retio 
grade cncumflex aitenal blood flow aveiages 8 7 cc pel minute, which is in 
significantly changed fiom that with the giaft open The oxygen content of 
the retiogiade blood in Dogs 4, 5, and 6 i emanis unchanged and is persistently 
arterial in natuie The oxygen content of the letrogiade blood in Dogs 1, 2, 
and 3 rises towaid that of the aoitie sample, much the same ns was noted m 
our four, to eight-w eek animals 

Stnkingh, then, in the animals in w Inch the coronary sinus lias been nr- 
terialized foi six months the letrogiade cncumflex arterial flow is unchanged 
In the opening or occlusion of the aorticocoionary sinus icin graft The oxy- 
gen content of this blood too, is unaffected by the piescnce oi absence of the 
■vein giaft in 50 pei cent of the animals and is only minimally affected by the 
piescnce of a functioning giaft in the other 50 pei cent In other woids, no 
significant contilbution to the letrograde cncumflex arterial flow could be 
demonstrated to anse fiom the artenalizcd coionai v sinus 

Thus, to all intents and purposes, the retiogiade cncumflex aitenal blood 
flou nieiages S5 ce pei minute and is aitenal in natuie This retrograde 
flow lepiesents a fnefold inciease aboie the expected normal -value and demon 
strafes a significant inciease m the mtercoionai\ aitenal anastomotic flou 
This finding is unaffected bv the opening oi the occluding of 1 lie -vein giaft 
Jloicoier a significant letiopeifusion of the nrvocardial capillan bed cannot 
be demonstrated in this gioup of animals 

These findings sene to confiim those lcecnth repoited In Eckstein and 
his associates' 10 These uoiheis noted that the i etroperfusion which existed 
in dogs m which the sinus had been nifenalwed foi four weeks could no 
longei be demonstiated aftei three months At the end of this penod of tune, 
the\ too found the utiogi ule circumflex eoionan aitenal blood to lie aitenal 
in nature and thcrcfoie postulated its origin to be from interaiterm] collaterals 
Motcoccr In injecting baiinm gelatin into the circumflex arten thee were 
able to demonstrate small intereoronarv nnnstomoses This finding has been 
demonstnted In Angulo” using the precnmsh described colloidal suspension 
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, irlxm U.l.m.K.c .or ...jcrno.. »»4 ‘<"'° tk, y »>’” 

tbtt tin 1.1.> 0.1 flowing in retrograde iasluou from the distal tul end ot the 

heaKd oreimiflex .ul.n p.ohnbh has ,ts chief «npm m the antcuoi deseend- 
1)U r ntn * Tins i«n ranbU to deumustuvtc im Mgmfuant oo.it.ilmtiou to 


this retrograde blood flow In tin irtenali/cd loionai' suras 

The mortality rate following circumflex coronary arterial ligation also 
mere lsetl significant!' in the six-month group of animals as compared to that 
of the four- to eight-week group For the purposes of this comparative mor- 
tihU report those animals living for foiu hours and then sacrificed for m- 
lcction studies are classified as sure reals In our noimal control group of 
ammils ligation of the circumflex coronarv aiterv at its point of origin from 
the mam trunk resulted m a 99 per cent moitnlitv In our group of corouarv 
sinus artcriahred annuals of four to eight "eeks duiation this mortalitv rate 
fill to 20 per cent In the present group of animals m which nrtenalization 
of the loronnn smus existed for six months ligation of the circumflex eoro- 
n in artuv is attended h\ a GO pci cent nortaht' This then demonstrates a 
progressne decrease m the piotection to the heart afforded 1)' the nrterialized 
eoronan smus o\cr the six-month period 


The retrograde circumflix aitenal flou 'nth the graft open and closed, 
m Doc (i Iwars comment In this animal the lctiograde Ho" mu eased from 
5 to 12 co per limrate lollouiiig occlusion of the graft This "as not just an 
isolated ohsmation hut "as lepeated and 'enfied tlnee times Eckstein and 
tssix nit s'" also described this nu roasc in ictiogiade flow following clamping 
<ii tlic grntt m so'ertl docs m "Inch the sums had hcen aitcnali/cd for longer 
th in thru months At postmortem examination ot this heart specimen we 
notid th it the ostium of tin loionarc sinus had onh been ieduced to 4 nun m 
<ontridistimturn to a reilnrtioii of the eoronai' sinus ostmm to 2 nun in the 
run lining spceimcns Possible the 4 mm ostium pioducotl an arteno'enoiis 
tistuh ot Midi inignitud, tint o ilusnm of the matt In ohuatnig the fistula 
lmpriuid tin inflow oi blood into the indicated antermi descending coronan 
'issi] uni then In mm isol the inter irteunl collate! d don It is interesting 
to spend \t» "hi tin i m those anim iis reported upon In Eekstem and associates 
m "huh this itu re ist m ictrocradi tlo" following occlusion of the graft was 
dimonstritnl tin ostmm of tin enrol, \r\ sums " is smularh lieited to onh 
t nun 


I In it'orddi iflirts prodund In irti ri dint ion of the (oronan smus 
ipparnuh rigriss our i pencil of si\ months 1 urther ph'smlogic studies 
on ammils m "linh tin mnmirt sums his luen artinahred for i 1"i.ho 
inunth pi riml in mm m progress md "ill In prestiiteil at a niture <1 ite 






1 lb tree nd, Id.. tl„u m.l .."can < ontuif from the d.stal out end of 

n \ e; -d Old trmsntid ,, ,n I.m.l, x .rim hue been detirmined in dogs m 
\ I , “ ,n,U ‘ r ' Mm,s ’" s '"•» nrti ri ,1,7. d i,. r i period ot s,x months 
..on it u ais ha\. I-, n P-tfonn.d with the grntt op, n md closed 
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- "With (lit giaft <>]>c_n toion in sinus picssuie is within (he latige of 
\ 4 st 1111 n pitssuic md (lit eoionnii snuis blond is o! high oxtgen content 

! When (lit giail is occluded cm mini 4 sinus pi ossui c md blood 0 x 4 gt 11 
eontcnl 1 os ci t to noimal losels 

4 With (lie ginft open, ltliogiade ciicumflex aifeiial blood flow is (he 
tunes gieatei than the expected noimal but is less than that piesent in the 
foni to eight-week gioup of animals This blood is aiteiial in natuie, appioxi 
mating the oxigen content of noitic blood This letiogiide blood flow is 
piobabh due to an me lease in the mteiaitenal coionan collateial ciiculation 
> Occlusion of the giaft does not significant)! altei these findings which 
points tow ai d its dispensabiliti aftei six months 

fi The moitaliti late tollowing eiicnmflex eoionan aitenal ligation, 
which was 20 per cent in the foui to eight-week sinus uteiinlized annuals lose 
to (56 pei cent m the six-month gioup 

7 Retlopeifusion of the imoeaidial capillaii bed, which was demon- 
stiated in the foui to eight week annuals could no longei be demonstiated 
m the six-month gioup of animals 

8 A significant fiiefold mciease m the letiogiade blood flow oeeuiiing 
ua intei coi onaij aitenal anastomoses peisists between the second and sixth 
month aftei aiteinliration of the eoion.ni sinus 
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New H'xfn Conn 

0l\(«i: first (l('Mi'il)i (1 In Clnmhill and Belscx* in 1039 and subsequent 
O modified In Bhdts* Clagett and Detcihng 3 segmental pulmonan iesee 
turn has mowed ini.easing attention These pioneer efforts supplemented 
gre it In b\ the important an domic studies of Bo'den and bis associates 
umbkd UNcrholt and others to CNtend the technique and punciples of seg¬ 
ment d resettion making Mitualh all pulmonan segments susceptible to shell 
(visum The ohnous advantages and desirnbiht' of piesenmg a maximum 
of imrmd lung parent, lw m i and thus greater function need no amplification 
The initial and the chief indication foi segmental resection was bionclueetasis, 
its, If ,i segment'll disease Subsequent!' the indications for segmental resec¬ 
tion h \\( boon (\paudcd to include mail' otliei t'pes of pulmonan patholog' 
uu biding tubeuulosis 

In simp i outi ist to total lobectonn md pncunioucctoni' the eaihei ic- 
portid suns of segmental pulmonarv usecttons dcmonstiated a uinformh 
high, i in,id,me ot tompbentioiis m the loim of thud accumulation, pnenmo 
tlmras nuomploto oi doin'cl jo expulsion bionchoplcural fistula and om- 
pvnm " Irnleul Oihsnet and Ins co workers'- at one time concluded that 
the lnqmnt ouuueiuo ot smh (oniplieattons limited the usefulness of seg- 
m, id d iTsution Th it these ((implications me moie prone to dc'clop when 
,], ding wdli suppurdi'c (onditions is undoubtcdl' sigmficnnt ” 14 The use 
of the mbrscgmetital \em is m uiatomu guide to segmeiital resection denion- 
stiitid h\ U ni)sp\ 1 ami stress,,! In Olinnibulnin" and otlius" and 'anous 
autli, h]s io phnrali/i tin i in lung suifaie’ " liau bicn suggested to o'er- 
(otm this high (ottiplKdton rite Alon men! repoits' ,r liubeatc a gratih- 
redintmii m lomph,alums md lcid Chambeil un' r to (oneludc that the 
morhubu following segmental rest, turn is no gieatcr thm m tot ll loheetoim 
Niu,, tin i m lung sinface th it toinauis following sigmoidal resection is 
m>t iutm nt uttir loins torn' unless ui imomphte tissim must be transected 
it might sum tint i , nisil nlitnm exists lntwetu d and the (omplxations 
"lmh hn, l„s u notul This report is lomeined with expenmental studies 
in do s to ( \ iluit, th, nnmedi itc md ultimate fate of the raw lung suifiee, 
md dt,mpt to assiss Mirums mithods of tie it mu such wounds 

< hm, tlh U.lMd.’ opposed the use ot fibrin fouu or othei loiguhtnm 
'"''•",1s inrniL tint s„,h agents might laid to «lotting hemothorax He 
uho, it, suturing the rimmmig segments to lemammg intact 
pr,'i lit mg rotitum m th. prismcd s,g, U e!ds md subsequent 
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bronchial obstruction Most obseivers hace been in agicement with Clagett 
and Deterlmg 3 that the law lung suiface should not be closed be suture, 
feeling that such a technique piodisposes to obstiuction, jiossible bronchiectasis, 
and unnccessaiy loss of lung paieuclnma The use of pleural grafts 01 flaps 
to co\ci the law surface as piacticed b\ some has alieadc been mentioned 

E\pcilmcntal studies of lung rounds hare been feu, the first lepoited 
being those In Olch and Ballon 18 m 1929 Thee made simple incised ■wounds 
in the lungs o! dogs and closed the Mseoial plcuia be sutiue No adhesions 
between the panetal plema and the seal on the sisceial plcuia weie obsereed, 
and the} concluded that a seal of lung tissue lesembles a seal elsewhere in 
the bods, sacc foi the collapse of adjacent aheoli caught in the contracting 
ind letiacting seal Thee also concluded iiom snnilai experiments, in which 
Tic pan blue was gnen intracenouslc and liitiatiachcalh that such scars 
ansmg iiom simple incision and sutiue liace then ongin fiom the supporting 
framcwoik ot the lung and that the cells lming the alceoli do not contribute 
to the seal Daniel 20 mccstigatcd the effect of bullet wounds upon the lung, 
but, since lie was concerned onlv with the immediate lesults oi such trauma, 
no obsenations on then subsequent course 01 healing weic made Bailee, 
Ingiahnm Swenson Lowiec ind Beimg 1 eicated simple incised wounds of 
the lung in cats and liionkees, placing fibnn loam with thrombin in the 
wound and then suturing the cisceral pleura Thee felt that bleeding from 
such wounds was controlled be these agents and that tissue reaction to the 
hemostatic material was mild No contiol senes without the use of fibrin 

foam and tluombm was made thus no compaiatice ocaluation of immediate 
and ultimate tissue lcaction was possible Montgomery 2 ' cieated wedgelihe 
wounds in the lungs of cats and sutured the cisceral plcuia aftei the wedge 
of tissue had been icmoced As small areas of denuded lung tissue remained 
between the pluual sutuies, he made obsenations upon the rcstoiation ot the 
lontmuitc ot the plcuia m these smalt aieas lie concluded that the alceolai 
endothelium” was chiellc responsible for the ioiillation of fibi oblasts and ot 
collagen The gencrallc accepted concept that lung tissue is incapable of 
regeneration was also challenged be this writer since it was thought that the 
teiminal bionchioles did pioducc “buds ’ and lcgcncinted fiom such aieas 
ot bronchial budding ’ loannidcs, Hesse and Joannides" 3 studied the eftcct 
of ciush wounds, sutured wounds, and wedge lescetions ns well as the lirita- 
tice cfleets of suture materials on the lungs of dogs Valle and Mider"* also 
mccstigatcd the reaction of lung to canons suture mntcnnls m dogs In nddi 
tion thee studied wounds cieited be cl imping an edge of i lobe, lesccting the 
lung distal to the clamp and closing the defect be a continuous stitch ocer the 
clamp which was then icmoced 

In ill of the aboce c\peunicnts it is quite ipparent that Ihe wounds pio 
dined «it he r lie snnpli incision we dge resection or crushing cure unde with 
out round to segmental pulinon ire ill ltoinc \s i icsult elicision of broil 
choeascular structure- occurred of nccessite V bile this in no woe detracts 
from the obserc ations concerning the helling of siuh wounds, it cannot be 
assumed that the race hum surface ere ited be seemental resection heals m a 
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similar manner Tim onh experimental studx on the hwirng of tiie 
surface, eroded In segmental leseetion in eats, is that of Fn d 
findings will he discussed latci 

M VTERl \L*S VND METHODS 

Twcutv-onc dogs weighing between 12 and 20 hg xveie emploxed for these 
experiments Tliev were divided into two gioups consisting of S dogs in 
(croup 1 and 13 dogs in Group II 

Gioiiji I (S dogs)—After anesthetization with intravenous Nembutal 
ti,o right or left chest was slmed, an endotracheal tube inserted, and the dog 
suitable positioned lor thoiaeotonn on an animal operating table The skin 
w is prepired with Knlmerid and draped with sterile towels and sheets An 
iscptic technique was maintained tliioughout, and interrupted 4-0 black silk 
sutures were used The thoiax was entered tlnough an intercostal incision, 
ind upon opening the pleural cantx, the endotracheal tube was attached to 
i 11 spirator deluding an lntcinuttcnt flow of air under positne prcssuie, the 
latter being regulated In a watei manomctei In each instance a raw lung 
surface was created In performing a segmental resection the superior segment 
ol titlur the right or left diaphragmatic lohe being lemovcd Dissection was 
stirtul with dmsion of the pulmonarx ligament up to the mferioi pulmonarx 
Min to facilitate the leseetion The superior segmental urn of the diaphrag- 
mntu lohe was identified and cleared following which the supenoi segmental 
art<r\ w is freed up double ligated at its oiigm from the lobar arten and 
transected bitwcui the two ligatures The supenor lnonehus was dissected out 
I ip tied with transfixion sutuie at its blanching fiom the lobar bronchus clamped 
distalh and tr msec ted between the hgatuie and clamp Aftei dnision of the 
aiten and biomhus the previouslv clcaied segmental tem was douldv ligated 
and tnnsectcd between the two ligitures In most instances it was possible 
to idciitifx and piesene the mteisegmeiital \em which was used ns a guide to 
the mtersc gmental pi me \\ ith gentle traction applied to clamps placed on the 
trmsiitcd hi one hot isc ul u structures, dissection of the mtersegmentnl plane 
was begun it tin hilinn md with gentle blunt dissection the supenor segment 
was itiiioeed the limiting xisceral pleuri being tiausceted as the divscction 
fin* n did piriplurilh Following lcmmnl of the segment, the remaining raw 
surf u i w is i ovi real with i w irm saline mmsteiu'd gauze sponge and gentle 
pressure tpplmd lor two minutes ,fter which the sponge was removed and the 
r iw sort ai cx imuied for an leik md bleeding A sott rubber catheter xvas 
uitrixlm i d mto tin picural unite through the tlioincotomv wound and the 
<hc t w ill w is ihe.4 m la\ers iround it aftei winch the thoiax was aspirated 
'hrmigh tin i itloi.r which was then removed The dogs were placed on the 
fqnritiw s„l, follow mg surgirv md were hit in this position until thev re 

lr " ,n n, " sth,sn N " <hemotlieiapv or antibiotics were emploved 
i \ or svstimil dlv hi mix c is,. The sum of the riw an i created varied 

IT", 11 ' r ' "»■ 'l'v Him II,.- Irmraihr ,1,-icc-K 

' ""T . .. I'- “l« m r- 1„ ,, l0 “ 

' '""'“I.™- Him. .1,,. V, o„ ckcn-lmm 
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wcie made concerning the state ot the piccioush cieated law lung suilmc and 
lcscction of the lemaining hnsilai segments was pcifoimcd to obtain the speei 
mens Those two dogs wcic subsec|uentK utilized ioi eontialatcinl segmental 
lcseetions ()l (lie lemaining b dogs, 4 had staged bilatcial segmental 1 exactions 
and 2 e\])iicd, one dining and one twclcc houis aftei umlateial segmental lesei 
tion Thus in 8 dogs, 12 segmental lcseetions wcie pcifoimed, and 2 dogs had 
additional lobectomies of the lemaining hasilni segments The 0 lemaining dogs 
wcic saciihccd at caning internals and post nioitcm examination ot the thoiax 
was made liiuncdialeh, noting the piesencc oi absence ot pneiniiothoinx, effusion 
adhesions oi c\idoncc of nitection The lungs weie icmoccd in toto and inflated 
to appioximateh noimal size In the endobiomhinl infusion of a modified 
Kaiseiling’s solution, m which tlicc weie then placed foi twente-fom houis, 
attei winch appiopnate bloehs weie cut, placed m ten pci cent foimalni solution 
and piepaicd Ioi nneioseopie stude Sections wcie made with hematowliii 
and eosm Alalloi\ s tiiclnome, and VcihoefT elastic stains In this niannei 
giovs and micioseo])ie obseications weie acnilablc at 1, 3 r i, 10, 14 21, 41, and 
180 dais poslopeiaticclc, and tninished liifoimation coiicciiiing the late and 
healing of such wounds as well ns furnishing a eontlol foi the expcilincnts 
earned out m the second gioup ol dogs 

Gioup II (13 dogs) —All dogs m this gioup weie subletted to segmental 
lcscction in a iiiannei identical to that desei lbcd foi the (fioup I animals \ftei 
lcmocnl of the supcnoi segment, the i camming law lung suiface w.is t i oatcd be 
one of the following methods (lelfonm without thiombin, (lelfoani with tliioni 
bin, Oxecel (cotton 1 x j^e), Oxeecl (gau/e tepe), and fascia obtained fiom the 
nntcuoi leetus sheath In two clogs attempts weie made to co\ei the inw aiea 
with a fiee ginft of paiietal pleuia oi with \isceial pleuia swung fiom the 
sui face of the lcseeted supenoi segment In the* lemaining liinnals a “fibini 
gel" was emploxcd to cocci the wound suiface 3’lns was piepnied be mixing 
3 0 t e of a 1 r i pci cent solution of fibiinogen 0 with 1 0 c e ol tinoiiibint solu 
tion (10 units pci cubic ccntimctci ) This nuxtuie icsultccl m a gelatinous clot 
within twente seconds It could not ndecpialeh lie applied to the wound suiface, 
liowceei since it would not aclinic Altei \aiious 1 1 mis it was tound that the 
simultaneous application of these two agents m a fun spun In means of 
ntonu/eis, so that the small dioplets united on the wound suiface icsultccl m an 
adherent clot the thickness and size ot which could be < out lolled \s in the 
precious gtoup most of these dogs undeiwcnt staged bilateral xuigue a total 
of 18 segmental lcseetions being pci foi med \o antibioties wc*ie emploecd m 
this group in cl caih obsenations on the eflccts of the unite i ml used to cocci the 
wounds weie not made The dogs wcic mu diced so that obse nations at 14 and 
21 dnes weie mailable The specimens wen examines! in a mannei siinilai to 
that outlined in t.ioup 1 

OIISUCC CTlOSs 

Genera! — \t opeiatnm seccial obseications wcie mneh With deflation 
of the dinphiaginatii lobe ie*m(lation niter occlusion of the supenoi segmental 
bronchus resulted not onlc m lapicl inflation of tlu liasilai segments but also 

•I Ibrlnoccn C Hm ln<-> Tit. Cnnotir Ijiltnnt.irU*.. 

f^t* rllf* Thrombin Tin l pj »hn f'otnp’inj 
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m flmost simult menus inflation of the snpenoi segment This tianspncd nith 
smh ripuliU tint onh a tra.iMent and Heetn.fr plane oi demarcation was noted 
between the basilar mil supenoi segments Ligation of the snpenoi segmental 
,rtcn nmiormh < .used staking blanching ot the cntue snpenoi segment In 
no mst ime was bleeding 01 nil leak tiom the raw suifaec ot am significance 
\itei tppliiation ot the moist sponge bleeding had eitliei stopped oi was 
manliest lie onh a scant slow oo/ing Similaih the initial iiotlnng caused In 
i m ljniig nr was eitliei absent or neaih so 

Group l (Gros<s) At 1 dm the wound picscnted a sott smooth dull ied 
suifme liming 1 hcmoirhagie fibnnous appeaiance No pneumothoia\ oi 
idlnsioiis weie noted A small amount oi sciosnnguineons fluid was piesent m 
tin (ostophienic mess At 1 dais adhesions and pneumothorax weie still 
absent Tin wound was smooth and glistening as though coeeicd In a thill 
serosal la\ci whuli umld be stupped off The suitace was film to palpation 
md eoiisider title <Idling ot the dnih plane of icseetion to a lightei shade had 
nulined (I'm 1 A and II) At i elms delicate hilai adhesions between the 
mfermi surf lie of tin eaieliac lobe and the wound weie first noted and at 14 
el ns these allusions had ineieased so that usualh the entile sntlaee ot the 
inters!giiieiit ll wound was co\cied In the mfenoi suit ice ot the caidiac lobe 
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Ilo-s sin I „ , s ,,„tld n idih In s r j>>rued the wound then presenting a glisten 
ssl .1 lWl* * l' 1 —“"'""'-'"I ‘■Flos., will, I While op,lev dll sheen he ueath 
U ’ ’‘"/T ,SM " ,,>I " 1 nor,, ' l! l’"' k n> 2) At 21 41 mil 

. Ihesiuin | ' ’ n "I' ' '”' M l” ,U,t ' a IU t,u> ul ' M '' 'ii 'de at 14 <1 n s The 

.non r'l K.rh mHn. '««* did not .ppe.t eithe, 

• mil,.. ..f. . n i r , lln , ’ , ' U , ,n tin wounds showed „ 0 
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between 1 lie wound and panetal pleuia, and tins was lepiesontcd 1)\ a single, (me 
stiand ol tissue One death lesulted during operation fiom caidnic airest, the 
otlicr was associated with a tension pneumothoiax, autopsv icvealnig disiuption 
of the bionclnal stump 

Olicioseopic) At 1 daj-—Sections exhibited a picdoiinnanth exudative 
and vascnlai leaction The wound surface was coated with a fibnnous lajei 
containing onh occasional trapped led cells and leukoevtes Beneath this fibrin 
suifaec a denselv cellular aiea involving the paienclivma and consisting of a 
veiv intense hvpeienna was noted Undci low niagnihcation this men appealed 
hemoiiliagic 

Lpon closei inspection at higher magnifications, howevci, it was evident 
that while some cxtiavaseulai bleeding and hemoiihage into aheolai spaces had 
indeed oecuned the chief lesponse was one of massive engoigement of the 
alvcolai capillancs to such a dcgiee that mam ail spaces weie themselves 
oblitciated Aeutioplnls and lvmphoevtcs were piesent, but tlieie was no signif¬ 
icant leuhoev tic lesponse In the aieas of inaikecl hjpcicmia, the alveolai (or 
capiUaiv endothelial) cells weie enlaigcd with a dcnsci, laigei nucleus than is 
usuallv obsened iXo neeiotic aieas were seen and the neighboiing bionelii weie 
fiee of secretions and exudate although some led cells weie piesent nitiahniunallv 
(Fig 5) 



Fife 2 Flp 3 

FiP 2 — \ppcnmnci at H Cardiac lobo to the left bnpllnr pPCTnrnts on tlic rlpht 

The xxound is plcurnlized and lillrir mlhf Mons haxe formed 

pip 2 _\ppoarancc at 21 <1ms Onlx a fine srnr separates the basilar popments and 

cardiac lobe Such sjmpli>s!s \\ is frcriumt b> H daxs 

At 3 clavs—Tin wound unlace was composed ol a laminatid livei of 
fibrm lietween which vm ill niinila is of led c< 11s and occasional buhorvles were 
noted The umleilv mg ]iai enehv nn no longer dcnionstnti d the intense i apillnrv 
hvpercmia seen at 24 hours and the ilvcoh llinngli compressed coiilnined nir 

At "> (lavs_Much of tin prcviouslv noled fibim smfaci was absent being 

replaced and invaded bv laijn numbers ol filnoblasts among vvlmb capillaries 
and small vessels we ic visible The alveoli subiacenl In tins lim i of fibi oblast in 
prolifei it ion still showed evidence of some compression and nicieised width of 
the ah col u w ills XVitlim the alveoli wore s ( ittered red cells occasional leiiko 
ivtes and inline imis large histioivtcs Neaihv bronchi contained moderate 
,mounts of exudate md secretions (Fig fi) 
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k\WI FT \h HEAUNO OF RU\ LFNG SURFXth. 
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, } * * * v 11 » lltiiiuh n riuil »! »». lum. for conn ari on and to demonstrate pleura and 

ru M n > l Tl • 1 1 nr i J quit thin and n >t v^n % iFCulur Lndulntlonp arc caused b\ 

* i h\ r ''tit nnthra tl flMtuttl 1* pr*. nt In the l\mphat|r« (Mn" g on Ftaln XS5 ) 

* * 7 ^ 'id ' "«n 1 nt 2 \ hour* lUniorrlmisO and mirX*d nUeolar h\ peremln H 

r ' ' ./* *' l nr r t u| < \ 1 ran el 11 art cl or of * rt thm** \ fibrin 1 i\er coats 

*’ »11 »' t Mir n \ In in ) 

uliintw 1 1 t Mi ) i u}» »bl tl <>i i n il in "'ll ijn I 1m wlit ie, the al\t«1 u 
" ^ ' r * '>"niui tlmlm-so nul ,1 k in '.puis m]]\ \o ih(ohi 

'T I'F llilllii 1 . ' 11 I lull's 111 i Mill ill Mil Jll l 'I ut ll 1 '^ 7 i 

\t 21 <’i'- 111. \ (>U1I<1 jiii'i nt*0 tm \pi>i iruiii sinuhi ill ill It (ltM nlipil 

v 11 .li > In* *'„ r . >.m n t.uir hliroliluts m,l - t tuuknu Uwnul stntifii itnm 



TIIL JOURN VI Ot TMORVCIC SUH(»>K\ 

"“"S SUptlhcial 1 70, ' e of aieoIai connectne tissue, and a deepei zone of n.oic 
denseh mlunged collagenous fibers The supeificial areolai kneL extended to 
eo^ei the Msceial pleuia sunounchng the wound mea, and the innei collan^nous 




J*Jk f—Mound nt 3 Oms Fibrin coat still present 
" itb c ipillarx form ition «1i mon«tr ibb \l\ooIi an air 
thick* nod wxilN (Hrnntox>tin nn 1 r*o*dn 2~ ) 


/l 1 ar d flbrubluatic proliferation 
containing l>ut Mill fnmpri ist J with 


J-iu "—Wound nt 14 d i\t* HbropInMn an 1 \n < ulnriznti in mor# mnrkrd 
i*» new * ^ ntlnlh norm il | Il< m lln nn I i-oMn _* ) * u 


Pnrcnchj*nin 


luer ipjiemd i ontiimons with tin hbious Inn ol (lie idjuint jilem i \p 
propmte Mims failed to dcmoiistrit< am dnstn dumiits m iii 0 wom „j t j 1( 
norinil distn 1 n or of the iw < i il plnn 1 lieiinr d< fn lent throughout tin wound 
The suhiuent puinthxnn showed no < hinges (Tigs S md ')) 



K \l "I I KT \I 


HhUING 01 !IU\ LIM SCR1 \CES VFTER RESECTION 203 


\t ISO dais—The stratification noted at 21 dais i\as more stilting and 
tin re m.is a noticeable deciease m the lasculariti and thickness of the ivound 
sin face No clastic la\ei could be demonstrated Xo other changes Mere piesent 
fTicr 10) 

1*11? 8 
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"crc imanablj piesent except in the dogs tieatcd with “fibiin-gel ” The wound 
suifaces of all but the “fibrin-gel” tieated dogs contained thicker, densei ad 
hesions, and a tendency tow ard contracture of the wound sin face was nolcd 
(Fig 11) Animals treated with the “fibrin-gel’ spiay showed little change 



Flp 10 —Wound nt 106 dnjs Elastic laser of Intact pleura Is visible on the rl(?lit. It 
Is absent In wound surface on the left The stratification Ib well demonstrated and the super 
flclal areolar laser continues across normal pleura. (Vcrhoelf X105 ) 
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He 11—W r ound nt H dnss treated with Gclfoam. Reaction more marked thnn In control 

Compare with P lira 2 and 3 

floni the contiol gioup Two deiths occuircd m (.roup II tiuiiials One dog 
treated with Oelfonm died nine das s postopeintisols ot a massis c einps cma The 
othei dog m whom a phui ll giaft had been attempted o\pned on the fifth 
postopei atist das of lnlatci d nmltilobai Iiront hopiu umniiia and fotal atelectasis 
Neither dog is included in tin description 

(Ahcioseopie) ^ettions of wounds tie ltid bs t.cllo ini Own] md fascial 

grafts when e\annned it 14 dass were similar to those of the control group 
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ifltr the came intcnal but the fibroblastic leaction was of meieased mteusitr 
and tlie subjacent aheoli contained some exudate and weie moie aaseular than 
present in the control group for this penod The fibi 111 -gel tieated wounds 
ippcared almost identical with the contiol gioup (Figs 32 tliiougb 16) 

1 1, i_ 








km M-l FT « 


lU'.Al ING 


OF T' \W ^LIU \('E> \FTFR 


REkFCTION 20^ 


M'U "SION 

Ml | urc to olihin collapse of a segment xslici Os hum. lms uas occluded is nn 
„ ;for ‘ , 7 c collnlei il respnahon .Inch is well developed and icadih 
libM r\(d in d«>"s'• Se*«rnu ntal 1)1 molnnjr immediatch appaicnt after mtcirup- 
? of n sc 'Mi,ei.t .1 pulniona, \ atten is a phxsiolopic dmonstiatiou o£ the end 
nituu of those ntones and is turtlici coiifinnation of anatomical desenptions 
,i n , swell vessels do not jrenendh cioss intcrscgmcntal planes 
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FiC IK 


lie 1" —l Imti „ni|ili [it <>|H rutton tuk n J««t after r. nun tl of 'up< rlor srpmont rubbles 
i f itlr on !>< v c|| 

lip i v—s (,|>«s-lni<n [IF In lie 17 after ippllr itlon of llbrlnpil wblcb If quite 
ilil< k n jir tb bllum 


Tin diMim oi si^niln mt tu leak 01 hletdms following segmental lesee 
timis pi 1 loinn d in tin si cs|m i inu'iits m ulc nnpossihle am evaluation of tlie 
uirmiis nuthoils nstd to treat the ■wounds thus pi mbit id with lejiard to these 
two lniiors Viitiiipls to phurili/t In "i.iftni" the dtfetts tieitcd met with 
In linn d t mime situ t the linn pluiri of doss mule it impossible to obtain an 
idi'tnat* shut ■>! mtmt mi nilu nn suftu lent toeout the wound 

Tin onh iniiiltisuui in uh ie<. minis t hr ot lie i mot hods utilized to trtat the 
riw Inn-, suit tu is thin tin he dins pint ess m te i ms ot allusions paicnrliMital 
i' 'limi ami tihrosis oi tlx wound w is mou milked thin m militated eontiol 
' ""nils it 10111)111 ilih piiuids ot obsiiMition The oin ivtplion was m tliosi 
wounds iri lie «1 with fibrin *,< 1 in wlmli no Msinht mt difiuelite w is noted 
1 mphiMinnt oi bbinui^in md thrombin solutions to mini i fibrin liter on 
tln^i wounds w is pridn ited upon tin obsu\itu>n tint bln in is norm dh 

■ Id'uit.d on sin 1 1 wound suilms <|iiu« t n]\ md llul additional t\eistnous 
liloiti intkht hi oi e elm h\ ml ms is i s< d ( (> Ksmh hli'e'dllis md m h lk ^lnee 

'I 1 it* i n i .ot-s iniild not In i \ tin il* d no eom lusions e.mte turns the cfliencN 

>• tihrm 1 < m hi tiinh m this t.sj.i.t lb.w.ui m tin iIim n<t of sisml 

■ *ii* r- Mint' I in tin r u du it ion md n fun mt nt ot this p, luinnie linshl tui.e. 
fimum ills 17 ml l'i 
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Obsci rations upon the healing and fate of the untreated iai\ lung sitifnee 
cieated In segmental lesection indicate that the healing process is n function 
of the undeilnng paienclnma of the lung Tlie eaih aheolai Inpeienna and 
exudation of filnin on the Mound suiface, and later fibroblastic piolifeiation 
irith capdlaiy foimation, must of necessity be dependent upon the parenclmna 
beneath the wound Onh when the wound possesses a well developed vascularih 
(14 dais) do adjacent aheoli no longei ie\eal changes At 21 dais, healing is 
essentially complete, tlieie being but modeiate furthci matuiation and condcn 
sation of the connectiic tissue between that tune and six months The “seal ” at 
si\ months is essentialh a leeonstitufed pleura, diffenng fiom the noimal strut 
tme onh in a somewhat tlnchei laier of connective tissue and the absence of an 
elastic later 

Om studies thus tend to confirm those of Fmdlai 23 on the healing of such 
raw i\ounds, with ti\o possible exceptions First, it is felt that the eaili lasculai 
leaetion is gieatci than noted hi this woikci, although Ins eaihest obsei rations 
were made one dai latei than in those icported licie Second, although specie] 
studies to demonstrate mcsothelial giowth oiei the healing nound neie not 
undertaken bv us, the stnking piesence of the thin, glistening membrane color¬ 
ing these uounds at 3 dais, suggests that such mcsothelial smfaces eoier the 
nound soonei than the 6 necks as obsened hi Fmdlai 

The superficial laiei of aieolai connectiic lissue nInch coins the nound 
as nell as adjacent iisceral pleura is fjuitc similar to the thin cpiplcuial “peel” 
frequenth obsericd follomng therapeutic pneumothorax Possihh, this icac 
tion mai lcsult fiom manipulation and exposme of the lobe at the time of 
operation and need not be concerned uitli, oi a function of, the healing nound 
pel se 

We concui mill the opinion of Valle and lUidei 1 ’ 4 tliat lcgcnciation of lung 
tissue as intcipietcd b\ Montgomery 22 piobahli does not occtii, since “bionclnnl 
budding” nas not obsened in am of the wounds studied In us The obsenations 
ot Watts and 'McDonald' on aheolai lining cells in luoncliicctasis nftoid an 
explanation foi the “bionclnnl budding” noted In Montgomen II is felt that 
the maiked fibrosis resulting fiom the tvpe of nound pioduccd In Montgomery, 
caused the foimation of clusters of simli aheolai cells nhieh were mistakeiih 
eonstiued ns cndencc foi branchial and aheolai regeneration 

In discussing the subiect of nound healing Ilnney™ stiesses that the 
phenomenon piocecds at a gnen yclooity uid cannot be expedited but that mam 
factors mn\ retaid complicate or stop the process It is belieced that the 
diffeiences noted betnecn the ticatcd and indicated inn lung wounds studied 
In us suppoit this fundamental concept The laigcr depiesscd scai-s obsened 
j n otheiN 1 ' " 4 when pulmon in wounds are made without rasped to broil 
chorascular stiucturcs arc also confii niatorc e\iclcnre 

Segmental pulinonan resection cieatcs a rclatnch nasculai wound, does 
not transect bronchioles in the absence of infection or other compiitatmg factors 
the wound heals ldcolh with little reaction, without significant pmenclninnl 
destruction and results m a slighth modified pleura which is in fad the “sear” 
of Mich wounds 
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SUMMARY 

1 The •qj.niifit ance oi the raw lung surface cieatcd In segmental pulmonary 
re'fction is discussed 

2 PrcMiius reports tenet rued until the healing oi expcnmentalh produced 
(minion in wounds are mitwcd 

2 Obsenatoms on the healing and fate of treated and untreated raw 
intersesmnit il Inn" wounds produced in dogs are piesented 

4 The speual problems ansme from wounds resulting irom segmenta 
pulnmuan rfMftion are discussed and eompaicd with the healing of otliei tvpes 
of puhnonm wounds 

M-FERFNCF.-, 


1 Cliur lull t I' mil n K\, 11 ‘Segmental Pneumonectoma in Bronchiectasis, Ann 

stirg 109 1S1 pno 

2 Blades B Tons, nation of lung Tissue li\ Partial Loliectomv, Ann ^urg 118 3o3, 

i«in _ 

3 Clagstt O T an<l P h rim,. 1 lr Technique lor S_gmental Pulmonary Resection 

With Particular Bet* rente to I ingulectomv, T Tholacic Sere 15 227, 1946 
t Bond n 1 \ Tli« Intnilul ir and Related Segmental Vnatomr of the Lung, Surgerv 

18 70 s Bll 

5 Pm dm, 1 \ and 11 trtm inn T F Vn \.iialv~i« of 1 nriatione in the Bronchopulmonary 

S;m nt* of tin lift Cp[ier Loins- of Fift\ Lung', tin T Anat 79 231, 1946 

n lloii ii 1 \ i s-,i,hi 11 i ( \n ' n ill -is of turutioiis in tin Fron hovi'iular 

1’itt rn of tin Right Liqsr Loins of lifty Lungs, \m T Anat 82 27 194S 

7 Ovethnlt 1 1! iml 1 an. r I. V new technique for pulmonary segmental resection 

Surg t.sns V Oh t 84 277, 1947 

S OverhoU 1 11 Wood* 4 M and Ram' \, B H Segmental pulmonary resection. 

lh tads of tic htiiqin and r< sutt- T Thoracic s u rg 19 207, 1°30 

n Gli-iii r I I’ and < lagctt 0 T Pulmonan Ito ectiou for tb- e's of Lung, Surg, 
(nna A Oh t SO 1S5 lots 

10 Oiirhnit 1 II Wooh 1 M, and Letts j; ]i An Improved Method of Resection of 

I’ulmo i m S .moots 1 Thoracic Sitg 17 4i>4, P»4« 

11 n ami lun l M and 1 inn T C Segmental Ri section in Pulmonary Disease, J 

run mi s () r 19 put pno 

12 O h n r t 1' PA i M md 1 VC imp, P T Bronchiectnsis Its Curative Treatment 

l\ Pulmonary lisa non Surgery 25 518 piqn 
11 1 » ’' H The tn itonvii-Guoh to the Inter-egmental Tlanc ^urgen 25 533 1949 

]l , '’iav 1 I Ih s i om on s i uu ntal Ro«eetion in Pulmonary Disea~e, J Thoracic 
'IK 10 .21 Pi'll ’ 

1 i “•a” n P ( Ih ii mn on s-i .III' ntal Ti eetion in Pulmonary Disease, J Thoracic 

si 11 in 2_i ]o-,n ’ 

16 i a nl lun 1 V and Klop to 1, R Further Esp riences With Segmental Resection 

in Ti Is r nla i« 1 Tirol \m s,,, 20 spi jn^o 

' i> ’L " n " f 1 ‘I“ r 1*' ‘'■■'nnill T G Anatomic Approach to Segmental 

1 > Tiioi.Mii s n , is 01 p>pi b 

' c rl jn p!,- 1 ",!, 1 ! ' T1 ‘ ° n P» of bar To u m Healing of the Lung, Vrcli 

^* in pi 0 ' lhalin. of tie Wound is a Biologic Phenom non, “surgery 25 055 , 

*1 o •) mT ! 'V IUI J' of 1,1 Iunc v ' ur S r ' 15 *'4 

Id irl r-m W ,T’t) D , ° Lowr “' T T , ind B. nng F A Human 

-J- ‘[,/ r> ri 1 T) real in ■,« a Beam tat, \ u at in Genertl =nrgerr, Surgerv 18 

H dm. of 1 i|e nmental Wo in \s of lung Trit T Surg 31 292 


' «. I 
13 


1 M 1 

Tv , ”, lp V f 4 M 1r "'irgieal Wounl. of the Lung J 

' ' ' ! ' i.'e"' r V 11 m T V M : \ m L" ° f n ‘ ' Un " <>f 1 un - Tissue ana Its 

t IM T * ^ ^ M ‘I*- T Til# t <i\r 10 *'->4 

‘ l'“ \ ,c T1 Il'it'- 'o 1 '' 1 ^ "«th Particular 

\ v . ,, , ‘‘ 1 ' ‘ ' , 1 111 ' < v r. 20 7.0 3117/1 

, 1 ' 12 Wl 1 Biol’ < Mo 1 ’ 0 7?’ i j„ n s'‘- ) Ic r ' ! tnge Be-ncon 

1 \ ' 1 ^ n,’. in Bson he lv , Areh 



BENIGN MESOTHELIAL CYST OF TIIE DIAPHRAGM 
Don \ld M Clolc.h, M D , and Michael Bfirnf, M D 

Sure, Pa 

jpBIMAH\ tmnois oi tlie diaplnagm aie exceechngh laic, cixtic tumors of the 
1 diaplnagm ,110 eien less common, and benign mesothehal cysts ol the 
diaplnagm au medical cimosities The most common mesothehal cist m the 
chest, while not ol diaplnagmatic ongin is the so called pencaidinl coelomic 
t' st 01 cai diopln emc angle cist 

Ginnche J lcpoited the fiist pinnaiy tumoi ol the diaplnagm in I8hS ns 
an incidental uutopsi finding I 11 1 eilewmg the hteiatme in 1950, Samson and 
Childless leeoided 15 cases ol pnmaiv tumois of the diaplnagm, about half 
of these weie malignant A \cn small piopoition of these cases weie pi nunii 
cists and, as of 1049 faccoiding to Aufses and Oseasolni 1 ), tlieie weie only 
si\ eases of piimnii cists oi the diaplnagm 111 the hteiatme Fom of these 
cists i\eie lined hi mesothehum and i\eie consideied congenital anoinnhes 
Anothei one 11 as a fibious cist lined bv gianulation tissue Tins was con 
sideied tubeiculous 111 ongin and was successfully lemoied (Robson and 
Colhs r ) I 11 the sixth case Scott and Moiton’’ lcpoited the successful remoial 
ot a laige eist tilled with chocolate-like fluid iiom the dome ol the left din 
pin agm 

In 1949 Claggctt and lolnison 1 added to the hteiatme a case 111 winch the 
tumoi was found 111 the dome of the light diaplnagm and lustologicalli was n 
“fibious walled cist containing putti like inateii.il ” 

To these seien cases Cimckshank and Cimckshank, 4 111 1951, added two 
cases ot mesothehal cists Both cists weie mtiadiaplnagmatic and the 
authois i\ei e unable to find 1111 sinnlm cases 111 the hieiatm e 

Recentli wc cncountcicd a case ot mesothehal cist of the diaplnagm ccri 
much like those icpoiied In Gimekshank and Cimckshank 

c \SF ItFl'ORT 

V lOxenroIil white man was first admitted to tlie Ifoliert Parker Hospital on 
Ifnrcli 21 P'll For almost tliree Mars lie had augend from intermittent (lies! Jiam 
uliu.li lx gin 1,1 the t’aek and radiate il anteriorh into tlie hipoc hon.lrium It lias keen prrsi lit 
0011 *= tnntlx for tin month prereeling mlmission anil was aggravated h\ motion and deep 
breathing It turns it iin' nuf^im for him to sleep in a ehnir 

Otlur than tins, Ins past Instore unremnrknblc and the pin steal cvnminntion 

us iul| ns routine lnliorntori 'Indies declosid no uhnormnlitic' 

V rhest rorntge nognm (fig 3), liouiur, niealed n vmoothh margined, lionin 
gem ou», globular shadow in tin left leaf of the diaphragm anteriorh, containing n small 
plnque of calcium I luoroseopie studio' «hoivcd the shndou to mole with the diaphragm 
without alteration in 'ire or shape Hnrium studies of the upper and louer ga'tro 
intestinal traet failed to reie tl am connections to the mass Pneumoperitoneum was 
performed using (>(10 e e of nr this mmi'lrite <1 eon.lusn.lv that the mass uas mtinnteh 
ntt idled to tin dmphrigm (I ig 21 

J-ri m the II i irtm nts of sure rv an 1 I itlieilom it tin Ceithrlo Cllnle nn.I Itoleert rneker 
Ho^pltil <*■> i' » I iu 

] r« 1 \-h 1 f »r |>ul !l< itlon Tun 
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V thoracotomv was then performed with the patient in the left Intend position, using 
• vi loprop me ether endotracheal anesthesia Tin i lghtli nh is well as short segments of tin 
"in nth mnl ninth ribs vvero re^ecti d nnd the ihest wound uideh spread In the dome of 
tin ill iphragm u is i ti nsi iistn structure ti un in dt uni ti r lo< iti d lutlnn md projecting 
above the substnm.e of the diaphragm and extending nicdialh to the esophageal hmtu« 
The diaphragm moi ed normalh An incision Mas made ndjncent to the apparent limits 
of the tumor The tumor, together with the attached diaphragm, was resected and the 
defect created in the diaphragm was repaired mth a fascia lata graft The phrenic nerve 
nas crushed to immobilize the diaphragm temporanlv A catheter was placed in the 
costophrime angle, brought out through a stab wound m the mulnxillnn line, nnd nttnihed 
to an underwater seal The wound was closed in Inver-- with interrupted silk 



jrjp 3 _photomicrograph showing the delicate mesothellal lining of the c>et. 


The postoperative course was cntirdv uneventful and the patnnt was ill i li irg< d Un 
davs after s U rgin On follow up visits he had no complaint- sinning .nmphtch relimd 
of hi« chr-t pain 

Pnthologicallv the tumor was a thin walled cvsfic strueturi, Jiaal-d lwlhin the 'uu 
stance of the diaphragm with muscle fibers spread out both above and Mow the evst The 
contents Were sl.ghtlv nnlkv nnd hi«tolog.cnllr the lining was crnnpo ul of vvilljn 'rve.l 
mcsothel.um with oidv a few fihroblnsLs for support tFig 3; ]),ngm,as was 1« a,go 
mcsothelial cv«t of the diaphragm 
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DISCUSSION 

With the cvci increasing utilization of routine chest x-ravs it is expected 
tint more tumors of the d.aphiagm will be disclosed Since the maiout o 
thrs* tumors m mnl.cn mt it is important that tliev be resected smgienlly 

w ithont undue deh\ 

Tlie diagnosis of these lesions mar be difficult and can be made 
certitude onh hr biopsv X-rav alone is not sufficient for the establishment of 
a diagnosis There are mam aids m diagnosis including fluoioscopv, Lipiodol 
studies of the hionelnal ticc hanum studies of the upper and lower gastro¬ 
intestinal ti at pv elngrams and pneumoperitoneum Of these the latter is one 
of the most helpful and its vv ider use has been suggested In Binney 2 

It is unusual for mcsothelinl evsts to produce svmptoms but at least 
on(‘ such ease lias been reported 


p vrnoGFVEfets 

"M(s 0 thelinl evsts of the clicst are considered congenital in origin The 
mechanism of their development has long been a sublet of coniecture Manv 
theories have been advanced Cnuehshank and Cnnrhshank have “collected 
iml sv st( mired the v irious cmhrv ologieal theories 

In their miew of the six ma^or thcones thev note that all these meso- 
thiliil ivsts «ffni to arise from vagaries in the development of the mesothelinl 
snrfnns lirunc the primitive eoetomie cavitv and its three daughter cavities, 
tin prrn irdinl phural and peritoneal From these findings thev concluded 
a more nppropmte nnimmlature would be based primarih on the histologic 
tvpt 01 <w (mtsothebnl) iml seeondarilv, on the anatomical site of origin 
(p< n< irdiiim phuri piritoiuum eardiophrcme angle diaphragm, etc ) 

1 urtlnr, thev in'lievc that evsts arising In entirelv difterent emhrvologic 
pr<«<sMs from uttirelv different emhrvologic,d structures should be classified 
m t sinulu m mm r iml not hv rvst contents for example, the term serous evst 
isimhfimtf enough to unhide bronchogenic mesothelial and lvniphangiomatous 

i \ sts 

'spnifif'ilh tin diaplu.ignntie mosothehnl evsts are thought to develop 
during tin find closure of the phuropontoneal or pleutopenonrdial openings 
'do n iiu vitliehal surf ms -m npproxmnted A loculus mav he formed bv 
Hn-s tw,, .lift, uni mrsothehal Mtrffius niituting a evst or mvagmation of the 
tr. tslm oi nt idv.mtimr mcsotluhal membrane nnv omu to foim an mtra- 
dt tphragm to <\-t of the tvpe wo are reporting 


vi vi \rv 

W o’ *V ,? 11 " ‘ lM 1 ,,f n, - n Nicsothchul evst of the diaphragm which 

, , . ' " V r "! UA,< ' "‘I'l*’ >rs to he the tenth primarv cvstic tumor of 

,..”i M; 1 '"vr >«T-.i..i.i.r, a »n.,r „,™ti lclla ] cw 

■*' .. “7 "S foil.. ot , h ['ZZ 

,, l ■■ n] . . . 
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Erratum 

In tin Tanuan issue of the Iotl\M, m the artiek Ln Dr Dmton A Coolie and Dr 
Mnhail F DiBahie entithd Re*ntion of the Thornni Aorta With Replniinnnt In Homo 
graft for Inetinsm* and Con--tnitni Li-*ions, pages 66 104, Table-. IA and IB linii lieea 
tran--po*id Tin tnbh on pagi 90 eaiinii rating Ca-a* 1 7, should appear nadir the heading 
for Table 14 on pngi 70 The t tbh iininu rating C 1 * 0 * S 12 should be placed under the 
In ailing for Table IB on page 90 
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EXPERIENCES WITH EXTENDING THE INDICATIONS FOR THE 
LsE Or TR VCHE VL AND BRONCHIAL GRAFTS 

ikiiii \ XnnoTT.Ml) Wm E YanFrfit Ml) (B\ Ixmtvtion) and 
A t WRT E Roberto, MD e <B\ Invitation) 

Emori Lvi\ersit\, Ga 

A N E\TENM\L literature has alreada acuued relative to leconstiuetiae 
. surgera o{ the tracheobronchial tree Daniel 1 initiated interest .and en¬ 
thusiasm m this fiehl a\ith Ins presentation before this societa during the St 
I unis met tun: m 1947 lit repeated and conthmed the initial experiments 
done h\ 1 tffcl' m 19-10, utilmni: fiee gtafts of fascia to co\er windows 
in itfd through the full tlmkness of the mil of the trachea lie then ex- 
t<nded his iriwstuntion to iiulude a studs of the effect of spanning large 
l ips m tin miitmuita of the tracheobronchial tiec with canons tapes of 
prnstlnsfs ‘'iihsnpn nt experience w with applications of this tape of proce- 
duri shomd an almost constant tendcnca of the luinian trulie.a to heroine 
stuiostd '-ta»rela upon rmioa d of the prosthesis \t the 1949 Xia\ Otleans 
mcitiin. (iibamE <!<■>< nh<d four htcltla mu ccsstul mstmecs of leionstim- 
*i*‘ii "l tuhi rnjloiis brow hid stenosis with full thickness dermal bronchial 
uruts lu thlohrr PHo ]jnlih and Batem in dcsinhed the use of tantalum 
caii'i rnacrid avith las<ia to cff< 1 1 a repur of the ceraaeal trachea A sue 
" ssiul ripur ot a trmmitic stricture of tlic hroticlius ha cxusion and end- 
t-'Mid masti.inosis \ m reported h\ Orifhth* m 1949 The appliqation of 
n M {, ’>tial proicdurcs avjth end to nul mastoinosis of the trachea or bionehns 
' di m rihi d m ]9 ( Q In tlaisf! uid Dmgwair and ba Fcrtruson and Wild ,n 
In P'd Mit!u\ md t*iisirnris u report id MUiessful end to end anastomosis 
m tin 1mm m m< r miiduital diaisum of the stun bronchus dso m 1911 
i iK “i 1 <h >>i nix d tin uv< of i d< nnal crift to com it a stricture of the 
1 " ’ 15 ’ ' *’ M1 ' lnnt to v. \ , re , hist trauma M< thods of trai he il w ill rei on 
s M ‘ ,,M u,r ’ n l” ,r! “l >>' °n« of us ift \ \ i at the 194s Q Ul i, u , 1Hfl „ 1!r 
QuiU lirte delicts m the trai hcohromln d wall a-ire 


< this V i r| t‘|n ) 


jl ' 1 " 1 '''h.uniL total r. im.nl of th» right him: for cvtmsui right uppr 
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contidlalcial bionchial 'uJill A\ ltli smallci defects, a liansaeist closiue of 
the longitudinal oaoid defect constituted a satistactoij icconstiuction with 
out dceiease m tlie lumen of the ait 11,13 In one jiatient, a 1013 c\tensne 
defect uas spanned I >3 use of a piosthesis oiei clinch Mas placed a lmge 
pedicle pleuial giaft I 11 file instances, opeiations neie peifoimed for ex¬ 
tensile caicinoma and, m one instance, foi a bionchial adenoma uhich had 
extended acioss the caima doun into the contialateial bionchus This latter 
patient, 11110 uas leconstiucted b 3 ' sutuie uithout piosthesis 01 giaft, lived 
almost foui 3 r eais follouing suigei 3 r fiee of any pulmonai 3 S 3 mptomatologv 
&Iie succumbed to an extensile neoplastic piocess 111 the iner, the exact 
nature of which could not be deteimined because of lefusal of peimission 
foi post -11101 tem examination The hie patients with adianced caicinoma 
Ined fioni two months to one 3 eai, all succumbing to eitliei local 01 distal 
lecunence of the piocess The lepan of the tiacheobionehial oioid defect 
113 " tiansieise closuie neeessaiity limited the amount of lesection of tiaeheo 
bionchial tissue adjacent to the neoplastic piocess In addition, 11 e expen 
eneed inajoi difficulty duimg the postopeiatn e penod with the tendenci foi 
the airuay to become paitiall 3 01 totals obstructed with an 3 r shift of the 
mediastinum The patient 111 whom a glass piosthesis was placed because of 
the need to make a aery extensile defect is being iepiesented in this pub 
lieation aud w ill be discussed furthei in detail 

The initial use of deimal giafts by Gebauei was confined to the tieat- 
ment of tiacheobionehial lesions of the tubciculous tape I 11 1950, he 14 wiotc, 
“ pcihaps in time deimal giafts will be used moie fiequontb foi non 
tubciculous tiacheobionehial lesions than foi the tubciculous tape ” This 
piophccy' has been paitiallj fulfilled with the lepoits of the use of giafts 111 
the management of the efteets of both acute and posttiaumatic stiietuic 
Occasional instances of the use of the pioceduie foi the tientment of intin 
bionchial tumors haae been desenbed in 1947 I 13 * Goldman 1 -' and in 1948 by 
Langston and Fox 10 We wish to repoit oui expenenccs with the utilization 
of giafting piocedmes 111 the management of nontubeiculous lesions 

At the piesent time we feel that thcic aie seacial indications foi con 
sidering the application of giafts upon the tiachen 01 bionchus Wc submit 
an outline of these indications foi considcintion in Table I Theie aie 3 
basic catcgoiies ( 1 ) acute tiaunia, ( 2 ) animus tapes of litonchostcnosis, 
both tubciculous and nontubei culous, (I) 111 the m magement of aniious 
tapes of diftei cut neoplastic plot esses Theie maa Intel he added (4) con 
genital defects, such ns paitial agenesis of entilagc Gebauei 0 u 10 and 
Paulson 11 lmac emphasized that m some mstanees stiictuies need not he 
associated a\ith suppuiatiae destination oi the piilmonnra tissue distil to 
the stnetuie In such instances 1 lepui of the stmtuie constitutes the onl' 

1 ensonable phasmlogic suigual ippi«ich ^uch a situation occurred m 
Paulson’s lnaiiagenieiit of a post trauma tie stiutnre in which the injury aias 
pioduccd ha scaerc external compicssiae foice upon the thorax tYe are re 
porting herein a similar situation resultant to the intrahronehml trauma in 
eident to the longstanding presence of a metallic foremn boda , ace assume 
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On-eerr T\te Uet'iae Craft 

1 \ ut tranroa 
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Fiji! upp»r lobe lesior? 
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!mt line tin tfiiird oi an mthcntieatcd instance of a similar situation 'which 
cuild to product (1 In a nontuhemdous loeali?ed endobronchial infection 
TIk third cate con namcl\ that of neoplastic processes includes seioial sub 
stdttrx divisions Am t\pc of neoplasm imohuie the trachea itself aliens 
"in bnt litlb <hone <x<ept to ntili7o some txpe of graft or graft phis pros- 
thfMs In fat t it i as a tracheal tumor uhich had been observed to exist for 
tn.. i,ar> which muted Daniel s> inUv\l interest in tins problem Both 
j-rm.trv < an mom is and adummas of the trachea and bronchial nail haie 
“•n maniLut m this m inner \\\ ha\e had oppoitnmt\ to utihre this a p- 
' 1 1,1 ,n >»' i'i<nt of a linre liromlioconic cist ansme from the 
1- -stuo-r ti < In d \ all If h,s also hecii used m order to resect a more adp- 
'}" U ,,r ' m,ItnI or trnheal tissue adjacent to neoplasms Giafts 

"" "" ’ N " tn f -. , .>nsj ni(! major detects prodmed In resection of the 

l' U "\ ’.7 !> ‘ ' ' ' nU ’ 1 ' fmlr ' hUrM Nominal mil produced In radical 
«**" «»»•»»•'t-nn lor . m inomas inune in the recion of the rmlit 
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Tvmr IIA Summarx of Climcai Experiences With tiif Usr of Dfrmad Grafts in 
Oifrxtions Not Incorporating Kaluga l Kioiit Total Paf uwonfctomx 


1 

AGE 

| DIAGNOSIS 

| 1 ROCFIIURE | 

TESU1 TS 

LI 

4 

Bronchogenic tracheal 
exst 

Local traclieal resection and dermut 
graft 

Agimptomntie 
lh months 

\\ XV 

11 

Benign stricture right 
main stem bronchus 

Excision and plastic reconstructioa with 
dermal grnft 

As\ mptonintic 
32 months 

s n 

02 

Adenoma of canna and 
left main stem bron 
clius 

Local resection of cannn and bronchus 
with graft 

Asimptomntic 

7 months 

T C 

48 

I xtensivo right upper 
lobe carcinoma with 
stcere emphjsema 

liesection right upper lobe and adja 
cent tracheal wall with graft Post 
operntixe radiation thernpx 

No recurrence 

0 months 

p n 

as 

Left lower lobe carci 
noma with pulmo 
nar\ fibrosis and 
> mpln «rtrai 

hesection left lower lobe and medial 
portion left main stem bronchus with 
graft 

No recurrence 

5 months 


r \HI F TIB SlMMXPX Of ClINlCAI E\IFRIFN(fS IMOIXING MASSIU TRACIIFOHRONCIIIAI 
DtltMAI OlAFTS Istn \\ ITII ItMlICAI TOTAI PM UMONf FTOXIA FOR FxTFNRIVT 
Kioiit Upi fr Eoiif C\rcinoma 


i 

AGF 

| IltxrNOSIS 

1 PROCFDUTtE | ItFStITS 

T G 

43 

Ixtensixe right 
upper lolie car 
einoma 

Resection of lung, trachea, Brom hoplcurnl fistula and cm 
and canna with grnft pi cnin honied pnllintno with 

distal metnstnsis 

T R 

48 

I xtensne right 
upper lobe car 
cinonin 

Resection of lung, trachea, Brom hoplcurnl fistula, empjiinn 
and canna with grnft and locnl rn urrence—death 5 

months postoperntne1) 

N W 

40 

Extensile right 
upper lobe car 
oinomn 

Reseition of lung, trachea, Death third postoperntne dm 
and earina with graft 

G S 

54 

Extensive right 
upper lobe car 
i inomn 

Resection of lung, tmelicn, Pclnied empienm and socomlnn 
and earina with grnft fistuln No recurrence 14 

months 

G W 

59 

Fxtensne right 
upper lolie car 
einoma 

Rosc< tion of lung trachea I ocnl recurrence and distal me 
and earina with gln«s tnstnsis Dentil 0 months 

prosthesis and pleurnl postoperntnch 
grnft 


CMinnnntioii monied n film fibioiis stncturc of the light innin stem biondius 
at the lexol of tlie oiifiee of the light upper lobe liionclius No definite lumen 
could be Msunb/ed Tn August 1951 lie was opeinted upon m the face down 
position thtough n light high posteiolntenl incision Except foi some geuei 
nliFed cmplnNCmn the light lung appealed 1o be healths The stncturc men 
was exposed and a classical Gcbimei txpc of opeiation earned out The 
stnctuie was found to be appioxnnalch C nun in length and resemlded con 
sidembh the tape of obstruction seen in coni elation of the noifn A small 
ginft, npptoxnnntch 2 be 1 em in si7p was utilised Pnoi to placement of 
the ginft the filnotic area of stricture was excised down to health! caitilage 
and the cut edges of the lnonchin] mucosa were a])pioxininted b\ interrupted 
irn ei ted subniiicosil sutures of \o 0000 aiterml silk Pinplnlmhc trnrhc 
otonn was not used and the postoperntne ieeo\eiv \ns totalh uncccntful 
The niei of bronchial repair has not been Msunbred be bionchoseopc The 
patient has been cniefnllv followed for tint tx-two months and subjected to 
periodic cniefluoros, opic and other examinations There line e been no cluneal 
or radiological evidences to suggest ana recurrence of stricture The right 
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lung is a little smaller than the left so that slight shift of the heart toward 
the right on inspiration (Fig 1, B) is still noted, hut this continues progies- 
snch to decrease This patient shows no endences of decrease in respiraton 
resene and his maximum bicathmg capacity is within noimal limits for this 
age 'We feel justified m piesuming that the grafted and reconstructed area 
of the right main stem bronchus has been able to grow in a satisfactory man¬ 
or r with tin rest of the trarheobionehial tree 
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tiie jours: \l of thokvcic surceri 


In Deccmbei, 1932, a 4-jcai-old child (L F), was lcfeucd to us, agaiu 
mth the impicssion of “bionclnnl astlnna ” This child lnd had lccmicnt 
ntlaclcs of pneumonia foi a 3eai pcnod and main episodes of aen seieie 
djspnea A tendenci to 1013 seieie chsimea and wheezing 111 1 espouse to 
anv lespnatoij tiact infection had been noted since bntli The patient pie 
sented definite clinical cMtlence of paitial tiacheal obstiuction On loentgen 
ological examination (Fig 2), a laige mass could be seen to be piesent be 
tween the tiaehea and esophagus pioducing consideiable compiession and 
distortion of both oigans On Dec 13, 1952, with the patient 111 the Intelnl 
position a high posteiolateial incision was made Pielnninary In onchoscopi 
had not been earned out because of the degiee of compiession of the 11 a chon 
known to be piesent and the feai that am tiaumn incident to Inonchoscopi 
might pioduce swelling sufficient to totalh occlude the an passages AVe 



pjp 2 —(I F) Preoporatixc x rn\ stu<lk«= demonstmtlnp posterior trachonl nm** 
producing major comprc«Plon and tliPtortlon of botli c^opliami^ and trachea Po«doi>emth<- 
InspJratlon and expiration Mudlc* sixteen months later phoned normal pulmonary function 
and no evidence of recurrent of the original bronchogenic c\ of the jm^tcrlor tracheal wall 


had not anticipated the need foi lesection of the postenoi tncheal wall 01 
we would lime utilized the facedown position The technical difficulty of 
the pioccdurc was gieath mcieased In the lateial nppioach A Poitex endo¬ 
tracheal tube was passed bciond the men of tiacheal eompiession before 
positioning the patient Ilxploration leicaled a laige fiini walled, inultiloeulai 
(a st ic mass which latci pioied to be a bionchogenic cast The membianmis 
poition of the tiacheal wall was so thinned as to be actualh transpaient and 
slurht teais 111 this stiucture inpidli became major sized defects The tissue 
olnioush was inadequate and theicfoie, a classical Ocbnuei deimal graft, 
2 3 cm loim br 1 cm wide was placed Because of considerable chronic 
iiroiuhopiilmonari suppuiatioii a pioplnlactn liacheotmm was earned out 
at the (ondusion of the proi edure c 'ome adherent exudate formed in the 
retnon of the malt requiium loom hnscopi on the second postoperitne daw 


\U110TT IT \U 


irveili-Uj \M' BRONCHI \L, GRIFT" 


223 


•Ihis jir.KL.lme w is mil tolii.itc.l In oidci to pi event the tiacheotonn lube 

impmgnig np.»n the g.afted ana, a speaalh shoitoned tiacheotonn 
ml,, Ulls U t,ii /M l lhs postopciatne conu>c was othuwise unc\entful, the 
ti wtu<»t*»niN w is limuvul on the fouitccnth postopcintiv c da}, and he has 
hem totalh lSMiiptomatic loi the past sixteen mouths Theie has been no 
i<nupence o£ wliccrc 01 asthmatoid behanoi Repeated \oentgenographic 
<x munition has shown no evidence of tendenev to leemience of the diffuse 
obstinitne unpin seme so piommentlv noted befoie operative intervention 
I ho fluid Ins crown well, and we presume that the l econsti rioted area of the 
ti uhei Ins grown commoiixuiatelv 

\dcnomn of Carina and Left l/flin-»Slf)ii Bronchus —Weha\e had oppoi- 
tunit\ to usut adenomas involving the eanna on two occasions The first 
jntuiit was r.poited in a previous (onmmmcation 1 '’ and lefened to m the 
mtrodmtmn to this publuation The extensive nature of the adenoma 
throughout the right main stem bionelnis, as well as the eanna, required that 
site lie tri itdl In i total pneumonectomv and evasion of the eanna and 
id I uent tracheal and left loom Inal wall It was possible to close tlie defect 
i ithout graft 

In luh 1‘t'il a '>2vi u old mm piescnted himself with a Instore of ex- 
usmm smoking for tlints two vcam eluome cough, frequent colds without 
i nddit siippnr ition nul i rcient latlur , opions hemoptv sis Investigation 
rt m ih d tint In Iud lain consiious of a whee/e ova Ins left diest in nssoaa- 
tmn with nspn iton tract uifuturns fm the past few months *>11011 a wlicere 
\ is fhmonstiablc on msuiH ition mu the left mam-stem bionclms Roent 
Ldiograms mealed lug. < deified lulu nodes and distinctive emphvsemn 
»n olnng tin lot lung L iminogiaplut studies (Fig 3 .1) iceealcd a mass 


m tin upper pm turn of tin hit m mi stem bionclms not completely occluding 
tin orifice O11 biomhosdipie OMimmation n tv pic 1) idenoma was seen ot- 
• npv me tin uppir nudi il suifu e of the left m tm stem hiomlms and extend¬ 
ing to the U \<1 of tin < um i Theie w is no e\uhnto of suppuintion distal to 
1'ltm.ma Unwept 14 11 Y 1 opuation was piifoi mod with the patient 
m tin ltd down position utiliruig tin high Ictt postoolatcral approach It 
i as in < 1 >> ir\ to mulnlm the inotu in<h l he postenoi wall of the left mam¬ 
s'du hi"minis was mused hi low the h\el of the nlimmia and the tumor 
t< mo, d \ uh an adiqiuti m irgm \d,qua, v of 1 \dsvon w as i oiifn mod In a 
to’di si. turn studs 01 ih, ,11! ulgts It w is uuissan to usut the enrin 1 
ml tin ddid w is n.onstuidisl with n ! '* In 1 77 mi diimd gi nt Rath 
ohvn I'eimidiion HMilid 1 t'pnil iildimni without rndenie of eat 

.mom itniis d,.. \„ postop,! itn, ! ulntum tlurape was utihred 

“ s t’"s‘opi r In, < mus., was un, omplu at, d lie Ins been toi illy 

,‘ s '* Ul , U '" r "** 1>1st v '' ni months in.) ro, ntgemdouc studn s icieal tlu 
’ l "ni',,!, , good v. util it.>r\ r ap 1, it \ 1] t <r ; j(\ 

, 1 •"• ••" " " (‘"Or.il",., In\ufin ,. no, --Tlmr Im, 

,, ».n, r .,i,i„ , lvI ,, 

,. ”, ''7 n '”; mi . .. 1 .. 1.0 ,!„ 
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pleted respiratory reseive foibade any consideration of total pneumonectonn 
It was, theiefore, decided that the patients should he treated by lohcctonn, 
radical excision of hilar and mediastinal nodes, and remoial of n sufficient 
mat gin. of the adjacent main-stem bionchus to allow eiadication of neoplastic 
tissue The resultant defect in the bronchial wall would be lepaned hi an 
adequate sized dermal giaft The first patient (J C) was opeiated upon m 
Tuly, 1953 He was shown to bare a caicinoma of the right uppci lobe 
bronchus which had extended foi a short distance into the lumen of the light 
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iC „ , , Tnmannitic Mu 1> tlcnirn trntlm: «n«Ii>1>rnnrhtnt tumor In I* ft 

I-ip " — i* H > ot clrln5. ^urplrnl « xrjpjon rrcjulr* ! r onr#,mltant nmovnl of 

mnln fltrm bmmlnw . nn ^J r -i n ln'von 1 a carcinoid t> j*' of a lcnonia. Tl Pontop^rntlvc Inflplrn 
thr c irlnn for montt,-. foiloninu furUnl . xcIHon of 1 1„ a.I. noma i,n I r- -or, 

atrucllnn ofbronchial F nnti n carlnal Jcfecl «lll. a Oebancr K rafc 
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in mi stem bronchus A roentgenogram (Fig 4, A) revealed that the contra- 
]aU nl or left upper lobe, A\as replaced \A*ith large emphysematous blebs, and 
then was some generalized hvpertrophie emphysema His mavimum breath¬ 
ing capa< itv A\as 49 L per minute and it ivas felt that total right pneumonec- 
toun Mould produce unjustifiable respiratory limitations Right upper lobec- 
ttrniA, with resection of the adjacent aa all of the trachea and right mam-stem 
hroiK bus alone aa ith radical gland resection aaos performed The defect Avas re- 
i (instructed aa it It a rather large graft 5 by 3 cm over all Because of the size 
of tin grail it v as desired to hase constant access to tracheal secretions m a 
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patient with lespnatoiy insufficiency, and a piophvlactic tiaclieotomy was 
earned out Postopeiatne couise was uneventful, and the tiacheotoim nas 
lemoved on the twelfth postopeiatne day A study of the resected lesion 
1 tvealed the tumoi to be quite anaplastic and, theiefoie, foiu neehs following 
opeiation he uas given intensive deep \-iav theiapv to the aiea of the lovvei 
tiachea, light mam stem Inonchus, and mediastinal node legion The pn 
tient has been totallv asymptomatic foi the ensuing nine months Theie has 
been no evidence of leuniencc of the disease Roentgenological examination 
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(1 ,rr 4 wu uH hugest that there has been no piogression of the hyper- 
Uophn unpin scan noted m the right middle and louei lobes pnor to opei- 
atnc intenention 

In .Ndicmbu, l'lb, a oSjearoId man (P II ) was found to hate cai- 
(1110111*1 irising m the remon of a long standing aiea of bionchostenosis m the 
hit lover lobe blow has The neoplastic process had extended upw aid and 
iwdnlK iloiiir the bimulnal wall to a lercl paiallcl to the onfice of the left 
npptr loin brow Inn ^e\eie associated clnonic pnlmonarv disease, consisting 
of intuisne piilmonan filnosis and emplnsema (Fig a, J.) with a niaihedh 
dun uul ni.i\innnn breithing eapauts, piecluded am consideration of total 
pmitiuow<tonn Tlieitfoie on \o\ 16 utilizing a left lateial appioach, 

tin uitm lift lowu loin Inlai md mediastinal nodes, and an adequate mai- 
mii o! tin 1 < ft in nn stem biomluis hup resected A giaft 3 a cm long 
md ippioMinatih 1 tin with w is utilized to leconstmct the annas into the 
hltuppn loin bromhiis Noiiiipn tMtlew e of suppniatne tiacheohionehial 
div is< ct is pusuit awl bc< nise onh a model at eh laigc giaft had been 
plaud propln [ utie ti uluotoim was not instituted Because of the seieie 
dutiu of puhnonirs tilirosis poslopuatue \-ia\ theiapt Mas not gnen The 
pitnnt lus bun attiu without e\idenct of nauieme of disease, foi fice 
months Puiodit thioiosuqw awl plnsical examinations h,a\c indicated 
sitvsintorv until vUn\ tipnits t>i the ltmaining lung tissue on the left 
'! u /.) 
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defect measured approximately 10 cm m length, a flanged Pj rex glass tube 
(Fig 6) was used for reeonstiuction Absorbable sutures "were placed about 
the flanged area and brought out through the tracheobronchial wall at three 
points, both above and below the defect, to keep the prosthesis m place A 
double thickness pedicle pleural giaft was then sutured over the defect so as 
to make it airtight Piophylaetic tiacheotomy was not performed This 
operation w as earned out m May, 1948, and the hazards of remor al of such 
a prosthesis had not been desenbed Two months following surgery the pa 
tient was readmitted to the hospital and, thiough a ceincal tracheostomy, the 
piosthesis was remor ed Stenosis of the reconstiucted aiea slow!} but 
piogiessn ely ensued The patient succumbed nine months aftei initial oper 
ative procedure due to local and generalized recunence of carcinoma During 
the initial two months following surgeij, when the piosthesis was still m 
place, the patient had been distinetlj palliated Following lemoral of the 
piosthesis and piogiessne bionchial stenosis the patient was essentially 
totally debilitated It is now felt that the tube could safely hay e been left in 
lilace and the palliation and temporal y lehabilitation yyould haye fully justi 
fled the opeiatne pioceduie Following oui expenences y\nth this patient, we 
awaited the aclrent of the Gebauei deimal graft befoie subjecting fuither 
similai patients to this type of opeiatne pioceduie Dining the past four 
teen months, we hare had oppoitunity to opemte upon foui additional patients 
with extensile eaicinoma of this type The fiist such patient (G S) was 
opeiated upon and the defect icconstiucted with a giaft 6 cm in length and 
3 cm in y\idth Proplnlactic tiacheotomy'wns not instituted The patient’s 
postoperatne couise was unerentful Constant major attention was paid 
to the positioning of the mediastinum and to the pressures presenting m the 
light pleural space An attempt r\ns made to tij to keep the mediastinum 
slightly* to the left of the midline Isot long aftei bis discbaige fiom the hos 
pital the patient began to inn a low giade ferer He bred at a considerable 
distance and did not letmn to us foi fuither eralintion until thiee months 
after the initial opeiatne pioceduie By this time an extensile empyema of 
the light pleuial space had been pioduced and could not be controlled In 
aspnation measuies This nitnpleural infection produced a progressne and 
essentially complete necrosis of the giafted men with lesultnnt broncho 
plcuinl fistuli External diannge was ncccssair at which tune a foieign 
body was diseorered m the pleural space and icmored The patient has been 
maintained on adequate drainage and despite the metastatic lmohemcnt of 
dee]) mediastinal nodes icmored at the time of surgeiy he now presents no 
er idenee of i eminence of disease fourteen months aftei the initial procedure 
It is mu plan to earn out a modified Kobeits 1 ' type Ihoracoplnsfr in the near 
future \ tantalum mesh sheet will be incorporated in the men of persistent 
fistuh orer which will be placed the oecilnng inteicostal muscle bundles 
yye fed confident that this pitient would hare had minor iehnlnlitntion along 
with possible eiadiention of Ins disease had he not been subjected to a delnrcd 
and unnecessary empiema 

Twelrc months ago a 43 a ear old male refernn (J G) with a similar 
right upper lobe carcinoma was operated upon, and n graft approximate!! j 
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l i,,n « IS utilized He developed a small bronchopleural fistula six days 
*' ' * t n ,i treated b\ thoracotomy drainage and traehe- 

mevus of i Roberts U pc of thoracoplasty plus tantalum mesh coverage of 
e fst„Ions are , The patient responded veil to tins operatne piocedure and, 
t S appeal to hale maior benefit He then presented vuth a 

],rg< ilnlonimal mass representing a massne metastatic imohenicnt of on 
tidmv He vis mm, mtensne rul.ation and is still surviving, with con¬ 
siderable persistent icsiduil tunioi 



1 ir '—IN TV) In i 1 r 1 1ion snd < Aplrntlon ro, ntc, nocrnpldc Mudt to tli mon«trntP 
ilm t cnulm nt<|, tn- 1« rf rislit lunc nmrh d "=lilft of nn dls«tlnum nnd h'-irt to the rlclit 
in 1 n -i\i I <d» tnictlo <mph\f ms «f tie* 1< ft lunc (Not* 1 line print d In roverfo 1 


\n>iili( i of tin si i\tensi\i nadil ,ij*pc 1 lobe tareinonm patients desenes 
brui mintmn Tin patient (\ T \\ ) i -40 Mur old m m, pieseiitcd lum- 
It m M in It l ( i '>4 villi n luston of eouifh hunoptesis vtight loss and 
d' spue i R idioln.it d < \ innii it ion (Tier 7 ) show eel i tin seme degite of 
ohsirinh\t tniphssuin bilituilh with almost no m exelnnge in the light 
lutii. I'.romliosii<p\ mealtd tin right mini stem hrimtlnis to he tot ilh 
1111 bid *>1 ' ith i iitoplistn prtnevs spooling hidss the tanna on to the 
1 " b il vail >>i Hit It it m nn stt m brom Inis (1 n, M Tin funt tioti il ope ning 
,m " di bli m tin sit in broutlius vtnihl lii\t idmitttd ipproximntt h two 
I' 1 !"” ’"diblo < 1 % Opintion was pt rfornn d at whnh turn it was not pos 

mIu. ''Vi! th* !• iil tn, In ..it.nn lulu into the It it in nn stem hroni lms juior 
n>p Mli* 'nn. tin pun nt but nn nhipnti nr i m Ii mu w is maintamod with 
li h I—‘Mir. <»n ep.inn. tin «htst md slight nnmpul itioti of the 

' h -\o- r. Mrn ti"?i ..1 \t util ition tn tin hit hmi. otiurrid 

^ ‘ 5 11 ' '”bl b, m nnt nn.d vlnl, tht tlmraoe trolien , ,, u hl he e\ 

m 1 " r • run >1 iml i I’.irt. \ lntrilrnlual tube tlig 0 ) 

,s ’ ' bnluu n.opl'Mn tivMi, tm th, U ft A rtduil 

of. n.liiditu «.‘al j'ln iiriioH., ,„in\ ndn a) mediastinal 
1 * t- ’ i • . N' im. . „i tr , 1., -1 t tH , - nn , nil( ] „„ (]) u u 


r 




\ 1 - ♦ 



230 


THE JOURNAL OF THOR \CIC SUROFRT 


Fig S 



Fig 3 


Tl c ,x t 'U ) Itr«c-cto<l r-irlna nnd right lung showing gross cxtrn Ion of tumor 

1, f, m„in t>roncluii find obstruction of right irnln bronchus In an oxPn-l\t hronchognnlc 
S4lnon.-I""risingfrom tlm orlflr of tho right upper lobe Tin t«„ up,- r clomps gr ,rp the 
edge* of tip loft mnln «t> m bronchus 

. , „ T . PhotoLrrph tnh< n during eurgi r> to demonstrate flint tho oprr-it 

, , T7o'nln‘. rtod thr nigh lot nl mi. 1I ..r trm-hn dir rtij mto tin hft 

inn In* brrnrhns^o^mnlntnln aim",:!" while right lung and cnrlnn ,r. r. mow d 
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UlliOTT FT VU 

IlU , nHUS Uin In on< Inis v. is pa termed A laige graft (I'ig 30) was utilized 
uM.usnu.t the defut utilizing No 2<» sihei mho which pioydod much 
adujn .tc supim.t A m" si.nll sit and ot hmei trachea and left mam- 
hioinhi il tissn. persisted so tint .pjHOMmateh <> pei cent of the a - 
v , „ h t „ In luwistnnUd A Pm lex tube mis used foi the piosthesis and 
m\mi m ul uc This tipc of prostheMs pioxed to be deficient in two main 
0 lt , ,r )in „ (1 1 the tlmhiusK of Its wall too gicath deceases the lunetioning 
, >, t ht imulits ot the wall is such as to produce a maior tendency for 



I tr K •—\ri> t Irtttlnc uhl^h 1 nt< nxtrnt * ti»* «Sz of th ur i if tli« tr-uh^'i c*irin i 
n l l n n)l i f (| l ft m tin *l m l»r >m hu* »\ei ) w it?j r t It< t! rJuht total jtmu 

i 3 ' In t * u t >* 1 ft !• ten \l< s tli sir in) «hnr w ‘ v of tii < •'biu r t' \+ dermal prnft 

' f ' r\r \\ it No rr N «il\*r \ ir lx \i ) in prnft r plaoliu, irt t* pn\l m«)\ 
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p"i tmii oi tlo tube to lu it mist the i tirht 1 it. r il w all of the trachea 
<h !• i \ and thus prodiu e obstruction 3 Ins p itn ut liad considerable 
"bstnntiM pin nonun i .lnrui" tbr first few hours follow mg sur eery 
s uii ii'un h\ )>! mm. a No 4 l’ortix etidotrulu d Inhe into the 
tl< nppi r slump ot the prosthesis throut.lv the truheotnim opening 
" bn n mad' iirruf di in h folbo imr the op. ritne procedure The 
' ' 4 5 bml lmp’-in. milt but died sudd, uh on the third pnsi- 
'' ' 1 ' •s»in » .ill . xammation « mild not be „b{ unrd Death was 

: oi i'i' it'd si. r. imiis v ith ol.stnt. tu> i \t the tune of snr- 

’’ ’ ’’ 111 ,s '' ’ ”> lK w r * m d. md emisid. riti.m v ns cnen to 

• ' H. M.ip,. Mu h' m m s*.,n hr-.ruhiis upward 

3 nis i . u>d lm\( m\oh,d n u)>v ard d)s 
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placement of ovei 10 cm and appealed to be totally nonfeasible IVe feel that 
tins patient Mas very instructive lie did show a leasonablc method of nnn 
agement of the an way dining operation He fmthei showed some of the 
dangers oi an inadequate piosthesis A enned polyethelene tube with thin 
wall would have been piefeiable If a Poite\ tube had been utilized, he 
should have kept the long tube which is used foi initial leconstiuctive pio 
cedmes and, at the end of the opciation, had it biought out through a tincheot 
omv opening so that it simulated a long plastic tiacheotomv tube capable of 
spanning the defect This method was used on one other patient and appealed 
to show some definite usefulness The tvpe of nppaiatus used on this final 
patient (T It ) a 48 vcai old man is lllustiated m Fig 11 This patient had 
i long giaft 7 1 cm m length, but onlv 2 3 cm m width 



Hg II—(T K > Fortt\ tubi with trnchootorm tube punnl ami Inner tube u^ed throuph 
trmhtostonn to prmhU Uni|>ornr\ support for priift out! to maintain an adequate nlrwnx 
< ipublt of mmaul eU unglue and reinsertion 

This p itient developed a small bionthopleuial listuli lequiiing external 
diainagc with some loss of the giaft substance He had piogiessnc difficultv 
with linuowing of the main-stem bionehus beginning appioximntelv thiee 
months litei suigciv, and he succumbed five months nttei suigeiv because 
of minor local and gcneinl lecuneiiee of the disenst 

VXKSTUFTIC CM) T1C1IMCU COXsIOU! CTIOXs 

The maioi consideiations m the line of uicstlusia, of emuse consist of 
mlcquite owgonation and ventilation Foi this imipose the patient should 
be mitiiillv intubated with the e\tia long mliatiat lie il tube \ Pottex tube 
without clifl is adequate if it is of sufficient si/e to tit smiglv into the left 
mini stem biomlnis (hi some occasions we have utilized l long MiUill 
i ithetcr with a balloon One must dwivs have m extra long inti lti lcheil 
tube it hind which Ins been stenlized and can be pi iced thiougli a 1 r ms 
ploiual traclicostoinv it an\ time indicated It is mnndatoiv that such an 
,nt, ctraclu d tube be availible at all times This tube mov be used as i tern 
pei in nieasure and connected dneeth to the aiitstlu lie machine 'While this 
trausti »c Iteostomv tube is In imr utilized the oiiirind cithitir mn be m 
serted bv the anesthetist tnd then passed across the dc feet under direct vision 
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bv the operator Tim catheter mar be left m place after complete repair of 
the defect and closure of the chest A tracheotomy is then perfoimed T 
Ported tube is transected at a height sufficient to allow it to be hroiight out 
through the tracheotomv Around a\ hich allow s us to have produced a long, re- 
tuoa able tracheotomv tube made ot pliable material which passes bevond the 
area of defect It is not thought that this tvpe of prosthesis is necessary ex¬ 
cept in major-sized grafts It is om impiession that grafts 5 cm m length or 
shoiter, with adequate intrinsic support, do not necessarily need prosthetic 
supports We would also like to emphasize the impoitance of the supporting 
sutures about the trachea and lnonchus which were emphasized bv us in an 
earlier communication and irhich are again illustrated in Fig 12 Tins main¬ 
tains a good support of the mediastinum and helps to hold open the airway. 



Fig l —Photograph taken during operation which demonstrates (1) the supporting 
sutures In the trachea and bronchus used to stabilize the mediastinum, and (2} the Portex 
tube in place maintaining the alrwa\ during grafting procedure. 

pirtiuilnrh while manipulations such as changing 01 moAmg the long intra¬ 
tracheal tubes are being earned out We haie found a \en marked adinn- 
t me m utilizing the Rand-W olfe Respn.itor, since if high piessmes are in¬ 
stituted with this machine for example 20 to 23 cm of water, adequate aera¬ 
tion of the contralateral lung can be earned out even m the face of definite 
arge bronchial leaks The deln ered piessure to the lung parenchvma is much 
in low the huh ded pressuie on the machine due to these leaks The piessure 
is graduated according to the position ot the mediastinum and the patient’s 

'in! 7 n , T? 7 truhcotonn as a PostoperatiA e procedure this is decided 
damentalh 1,a the amount ot suppuration present m the individual patient 
mid 1>a the size and character of the graft utilized 

r :r;:\ consideration*; cert.unlr concur serv 

1 GoWr " >» of the face doivn posit,on , he 
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agement of lesions of the postenoi tiacheal Mall and of the left mam stem 
bionchus The Iateial position is quite satisfactoiy foi the radical total pneu 
moneetoim and lobectomy piocediues The piepaiation of the giaft must 
assiduously follow the detail outlined In Gebauci Wc haie found it yen' 
useful to haie a modeiate-sized block of balsa wood, which facilitates the 
anthoiing of the giaft with the stiaight pins We would like to emphasize 
stiongly the need foi a papei pattern to be steiile and a\aihible This is 
])1 iced about the endotiacheal tube 01 piosthesis so that adequate giaft to 
co\ ei the cuncd contoui will be pioduced It is ieiv impoitant that the 
giaft be cut distinctly lnigei than the papei pattern The papei pattern 
should be kept m the patient’s cliait to aid in fuithei imestigatnc study It 
is impoitant to stiess in the indical pneumonectomy gioup yylicie appio\i 
matelj tluee fouiths of the encumfeience of the tiachea and bionchus is being 
lemoyed that yen adequate suppmt of the wall of the giaft is mandatory 
Oui e\peilenee has shown us that yyliile yye agice with Gebauci m the desn- 
abihty foi lelatncly fine sihci ynie suppoiting sutuies in the giaft y\hen ic 
jianing stenotic lesions and just leplacing the soft meinbianoiis poition of the 
tiachea 01 bionchus a consideiablj diffeient situation is piesented ythen we 
aie ieplacmg majoi sized aieas of tiachea 01 bionchus pieyiously suppoitcd 
by a caitilagnious fiamewoik I'oi this lattei pm pose, we piefei to use a 
Vo 2b 01 eycn a No 24 sihei yyne sutuic foi the mteiml supjioit of a con 
sidei lbly thick yynlled giaft In the icpan of stenotic lesions and lcplaco 
me lit of none n tilagnious tiacheal oi Inonchial 1 issue, the No 28 oi No 30 
sihci wne is fully adequate In the lepan of stenotic lesions it is necessary 
to utilize molds to cm ye the giaft piopeih The leplacement of ma]oi pni- 
tions of the c utilagnious tiacheal yynil utilized the uidyyelliiig tiacheal tube 
foi a piosthesis in place of the mold to aid m the piopei cun atm e of the ic 
pluimcnt tissue Piobibly the most common enoi yylnch yye liaye mcuirerl 
is to obtain giatts of lindequ ite yyidtli It is impoitant 1o plan a giaft wineh 
if it oyeihes a tube oi jnosthesis y\ill liaye some definite iediindancy Com 
piesMon uiion the giaft by i piosthesis peimnncnt oi tempoian pioduecs 
(ompiession phenomena unfiyoiable to the emulation I’m the l moi e a gnft 
yy hit h is too smur has a maikcd tendency to flatten ind pi oduee an inadequate 
ti acheoln mu hi il lumen It is olmous fiom tin jneceding dismission that we 
do not feel that 1 completely idequatc inostiietn substance is at hand and 
fuitlni me ism is must Ik earned out to study this piobltm Oui picsent pief- 
ciciue is foi i thin uined polyethylene tube It is necessan foi such a tube 
to line i distinct difleicnee m the diunetcis of its uppe i and lowei orifices 
We lun e on all oi c isions utilized i luge pedicle plem il giaft which is sewn 
0 y ei the dermal giaft or oyci an exposed piosthesis in one instance Tins is 
licecss m m oi dei to seil the an way A\ c initially used to pi ice Gelfoam 
between the pie mil mil deimal giift but now feel tint this deeieasespo 
tentiil ldood supply fm lain i malts f.i ifts Jem in length m smaller ire 
earned out in the e 1 issk d Gebiun niaiine i with the mtei sprised Oelfoam 
f.i i its ot !,i e ate r length and paituuliih grifts of greiter width aie felt to 
requite a semie e oi extenii! blood supply and wc prefer to employ a pedicle 
oraft utilizing the pleura and fit fnmi the pcrnardnl region bee mse of its 
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wsuilauti hollowing completion of tlie giaft the pleuial cavity is tiUe 
with saline to test the pleuia and ensiuc the piesence of a completely airtigh 
reconstruction In cases of total pneumonectoim a tlioiaeotomv tithe is placed 
through the thud anterior mteispace This tube is not utilized for drainage, 
but is clamped an adequate distance fioru the chest and the clamp handles 
seal-closed with adequate adhesne stiappmg This tube is utilized foi fie- 
quent measuiemeuts of the intiapleural pressuies and, if necessary, to serve 
as a souice for injection of eithei an or plasma to help splint the mediastinum 


in the proper position. 

5Ve do not feel that theie need be anv majoi feai of bionchoscopie mn- 
neui ers following operative piocednres They have been done fieqnentlv mtli 
oiu grafts and hai e been leported by others They are useful for the removal 
of exudate, debris, and gianulation tissue should it occur Certainly bion- 
choscopv is not justified in these procedures except upon therapeutic indica¬ 
tions If a piophvlactic tiacheotomv is in place, this opening is utilized for 
the bionchoscopie approach If lironchoscopv is reqnned following smgery 
and the patient does not have piophvlactic tiacheotomv, it is usually felt ad¬ 
visable to institute the tracheotomy at that tune 


fundamental -problems 


There are certain fundamental pioblems which have been brought for- 
waul bv evpei lenees in this field The fiist is uhethei 01 not the procedure 
is justified Our experience indicates that it is fully justified in all the cir¬ 
cumstances mitiallv set down, uitk the leservation that there is some doubt 
lelatiie to its justification in extensile right upper lobe carcinomas which 
have miaded bevond and acioss the cainia It is our feeling that, despite oui 
present major complication and minimal palliation rate outlined in our above 
ovpenences with these lesions, an open mind should he kept Furthei investi- 
gatne experiences of laboratory- and eluncal tvpes should he studied It is 
our impression that if we will nisist upon a more adequate width of graft and 
the firmer suppoit pieseuted hv No 24 silver wire, some of the complications 
inherent in the placement of massive giafts m the reconstruction of car¬ 
tilaginous areas of the tiacheobrouchial wall will be eradicated There le- 
mains a distinct pioblem m legaid to how laige a g 2 aft one can place befoie 
too high an incidence of partial necrosis and fistula is piodueed It is om 
present feeling that giafts 5 cm m length and 2 3 cm in width have been 
proied to sun lie, while those oier 5 cm m length, with a width of 3 cm 
nr greater, stand a high chance of local netiosis Tlieiefore, m the laigei 
nrafts an underlying piosthesis should be utilized The exact tvpe of pros¬ 
thesis is not as let defined but our piescnt tiend is toward a specially con¬ 
structed and perforated poll ethvlene tube 


The problem oi the need of postopeiatne tracheotomy is also an impor¬ 
tant question CertamN there is some benefit in decreasing the piessuie pro¬ 
duced upon the suture line hi cough with the closed glottis and intact ceni- 
eal tracheal w all The tracheotomy does distinctly mtioduce a certain hazard 

ime f 0 1 n Qf the " raft restricts the normal humidification of 
the tracheobronchial aim ai Our feehn* is that the need for tracheotomy is 
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an individual factor to be determined by graft size, the presence or absence 
of a prosthesis, and the suppurative aspect of the patient’s tracheobronchial 
tree 

Initial expenences with employment of grafts m children suggest stiongh 
that small or moderate-sized grafts will grow One would fear the use of 
grafts laiger than 3 by 15 cm in the younger age group Further obseiva 
tion and study, particularly with experimental investigation, are needed to 
define the fate of grafts placed m infancy or childhood 

A further important problem is the consideration of bringing an ade 
quate blood supply to the base of laige grafts Graft survival requirements 
imply restuctions produced by dimensions and by the blood supply of the re 
maining strand of tiacheobronchial tissue to which it is attached It would 
seem reasonable to hope that a fanly vascular, pedicle type, pleural fat giaft, 
placed directly upon the base of the transplanted dermis, might decrease tend 
encies to local necrosis of the graft substance 


SUMMARY AND CONCLUSIONS 

The background investigations and clinical experiences relative to tia 
cheobronchial reconstruction have been outlined The value of the contnbu 
tions of Gebauer, relative to i econstruction of the traeheobi onchial tiee by 
grafting and other methods, is emphasized The indications for tracheal or 
bronchial reconstruction by grafting proceduies have been detailed and fall 
into three major categories These consist of the management of acute 
trauma, of various types of bronchial stenosis, and of neoplastic lesions Con 
genital defects may constitute a fourth indication Experiences with the 
application of various types of grafting procedures m ten nontubeiculons 
lesions are outlined Limited experience suggests that grafts are well tolerated 
m childhood and appear to grow m a satisfactoiy mannei with the child The 
use of grafts in the management of bronchogenic cyst of the tracheal wall 
and of a stricture secondary to prolonged endobi onchial trauma by a foreign 
body have each been carried out successfully Experiences m two mstances 
show that a more adequate operation foi carcinoma arising in the hilar area 
of a lobe m patients -with a severe associated restricted lespiratory capacity 
can be peifoimed In one instance the graft has successfully tolerated mten 
sive postoperative deep x-iay therapy An additional experience of manage 
ment of an adenoma of the left mam-stem bronchus and carina, with correc 
tion by local resection and grafting, has been piesented It is hoped that the 
use of bronchial giafts may extend the limits of opeiability of carcinoma 
arising in the right upper lobe aiea so a more adequate excision of tracheal, 
carmal, and contralateral hi onchial tissue may be peiformed The limitations 
and problems inherent in the procedure have been presented 
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BRONCHIAL ANASTOMOSIS AND BRONCHOPLASTIC PROCEDURES 
IN THE INTEREST OF PRESERVATION OF LUNG TISSUE 

Donald L Paulson, M D , and Robert R Shaw, M D 
Dallas, Ten 

B RONCHIAL anastomosis and bionchoplastic pioceduies in tlie inteiest of 
piesenation of lung tissue aie lelatively new developments in the field 
of thoiacic suigeiy A tiaumatic, mflammatoiy, or neoplastic lesion of the 
bionchus does not aluays leqime lesection of all of the lung tissue supplied 
by the imohed bionchus By means of lanous types of lepan, it is possible 
to excise a portion of bionchus and to lestoie continuity, thus sahaging a 
poition 01 all of the lung tissue distal to the pomt of excision 

The lepoits of Gebauei 1 3 made befoie this association ha\e demonstrated 
leiy veil the ment of the concept of pulmonan sah age thiough bionclual 
lepaiatne pioceduies, paitieulailv vith leteience to tubeiculous bionelio 
stenosis but including lnonehial tumois Many otheis thiough individual 
published repoits and discussion of Di Gebauei’s papeis hate leeoided the 
successful application of lanous leeonstiuctn e pioceduies of the bionchus 
follovmg excision of tumois, tiaumatic stuctmes, and accidental lnonehial 
division 

The authois haie used a laneti of pioceduies to lestoie bionchinl con 
tinuitv and piesene good lung tissue in sixteen patients The lnonehial 
lesions so tieated include tiaumatic occlusion (2) acute tiaumatic ruptuie 
(2), tubeiculous stenosis (3) adenoma (2), and caicinoma (7) The m 
dividual cases aie summanzed m Tables, I, II, III, and TV with appropnate 
lllusti ations 


Table I Traumatic Broxchlxl Rupture 



SF\ 





CVSE 

\GE 

DIAG^ OSIS 

SURGIC \L PROCEDURE 

DATE , 

besuit 


1 I M 


2 B S 


3 J C 


4 B H 


M 

op 


AI 

21 


AI 

19 


II 

23 


occlusion, right mam 
bronchus, 7 Meeks 
following injure 
Traumatic bronchial 
rupture, left mam 
bronchus, 0 weeks 
following injure 
Traumatic bronchial 
rupture, 6 hours 
following injure 

Traumatic bronchial 
rupture, 2 hours 
following injure 


right mam bronchus bi 
means of dermal graft 
(Fig 1) 

End to end anastomosis 
of left main bronchus 
(Fig 2) 

End to end anastomosis, 
left lower lobe bron 
chus to left mam bron 
elms (Fig 3) 

Traclieotomi Suture of 
tear meolemg right 
main, mtermedmn and 
superior segmental 
bronchi (Fig 4) 


1949 


Aug 8, 1951 


April 19, 1951 


Jan 20, 1954 


T.ung fulle ex 
panded 

Bronchus healed 
Lnns fulle ex 
panded 

Bronchus healed 
Lung fulle e\ 
panded 

Bronchus healed 
Lnng fulle ex 
panded 


From the Department of Surcen Southwestern Medical School the 1 nf\ersit> of Texas 
and Bailor Hospital Dallas Texas 

Read at the Thlrti-fourth Annual Meeting of The American \ssoclntlon for Thoracic 
Surftem at Montreal Quebec, May 1 5 1954 
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Rupture of the bionehus mar result from nonpenetiating trauma of the 
ehest The diagnosis during the period immediately follovang the injury 
can be leadilv made if one keeps in mind the possibility of a tear of the 
bronchus m a patient who has sustained nonpenetrating trauma of the chest 
and m whom a tension pneumothoiav and/or mediastinal emphysema rapidh 
dc\elops A bronchial teai should be suspected if, following decompression of the 
tension pneumothoiax an continues to bubble vigorously thiougli the watei 
seal system and if the lung fads to expand Bionchoscopy done immediately 
following the mjun null leveal m most cases the site of the bronchial tear, 
as usualh it occurs m eithei mam lnonchus at 01 within a fen centimeteis of 
the canna Howeiei, secondare bronchi mar be tom Theie may he either a 
partial teai or complete tianseetion of the bronchus A gieat many of these 
injuries ha\ e ended fatallv within a shoit time following the accident because 
of failure to make the diagnosis until autopsy revealed the tine condition 

Prompt lecogmtion ot a tiauinatic bionehml ruptuie must be followed 
immediateli In thoiacotonn and lepau of the tom bronchus as lllustiated 
in Cases 3 and 4 Bi means ot an end-to-end anastomosis the left lowei lobe 
was preseiaed m Case 3 The sutnie of a laige tear imolving the right mam 
intermediary and supeuoi segmental bronchi lesulted in the sahage of an 
entuc lung in Case 4 

If the patient survives the eailv posttiaumatic period the umepaired 
mptuied lnonchus heals with eithei complete occlusion or stricture of the 
bronchus Bi onchial anastomosis is indicated foi complete tianmntic bronchial 
occlusion should such a patient he seen months or even years after the initial 
iiijun Pnounionectonn is not justified unless pnlmonair snppuintion is 
piesent, and this cannot occm m the ease of complete occlusion * 5 The collec¬ 
tion of thick viscid mucus within the bionchi of the lung blocked hr complete 
hi onchial occlusion must not he mistaken for suppuintion The lung itself 
although atelectatic, undergoes no pathologic change A bronehoplastic pro¬ 
cedure ns carried out m Case 1 oi an end-to-end anastomosis as made m Case 
2 should be done to leheie the hi onchial occlusion and restore bronchial 
continuiti The atelectatic lung mil re expand and resume function if 
bronchial continuity is restoied, eien rears after the initial injury Samson 
and Th ans r has e recenth successfully re expanded a lung hr means of a 
bi ouchnl anastomosis in a patient fifteen rears after a tiaumatic bronchial 
netlusion was sustnmed 


The puhnonaii suppui at ion which will develop if the hionchial tear heals 
>' stricture formation without complete occlusion makes imperative the early 
< ngnosis and lesecdon of the tiaumatic bronchial stricture and restoration of 
nominal ’'ontinuiti In end to end .anastomosis 

IB oarh diagnosis and bronchial icconstnietne procedures, the mortality 
of bronchi ,1 rupture can ho markedh reduced and lung function prese^ed 
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—Traumatic bronchial rupture 

Bronchial occlusion right main bronchus Incision and dermal graft seven weeks after injury (Case 1 ) 

■Complete separation of left main bronchus Excision of scar and end to end anastomosis sl\ weeks after injury 
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P^ULSOX C«D SHW PRESEK!A'i-iti-' ur — *- 

TEBEKCULOUS bronchostenosis 

;='zxttx=r i£ s "'-sE -:i: 

mesh mar be utilized after incising the stenotic area A lobectomy or seg 
mental resection mar be done at the same time as the bronchial anastomosis 
or plastic reconstruction Bv ie establishing bronchial continuity the re¬ 
maining healthi lobes of lung are piesei!ed_ as illustrated m Cases o 6 a 
7 Bi means of these procedures a total of 5 lobes of lung neie piesene 
these 3 eases There weie no compbcations and no moitalities 

Table II Tubefcelocs Bronchostenosis 


case 


SEA 

ICE 


DIAGNOSIS 


SURGICAL PROCEDURE 


DATE 


j \ x F Pulmonarv tubercnlo 

20 “is with 2 cavities 

persisting following 
thoracoplasty in 
1150 Heated steno 
e is, right main 
bronchus 

f, p C F Pulmonan tubercnlo 

14 'is, right upper lobe 
Heated stenosis, 
right mam and 
right upper lolve 
bronchi 

7 JS B F Pulmonarv tiibenulo 

11 «u« with destruction 

of right upper lolie 


Bight upper and ngtit 
middle lobectomies 
Plastic reconstruction 
of right mam bronchus 
and lower trachea bv 
means of dermal graft 
reinforced bv steel 
•wire mesh. (Fig 5) 
Resection of nght upper 
lobe and nght mam 
bronchus End to end 
anastomosis of inter 
mediarv bronchus to 
trachea (Fig 6) 

Right upper lobectomv 
winch compromised the 
lumen of the nght 
mam bronchus Trans 
verae division of bron 
ehus and end to-end 
anastomosis 


Dec 15, 1151 


Tuli 30, 1153 


Xov 7, 1953 


RESULT _ 

Bronchus healed 
Good expansion of 
lower lobe Sputum 
negative 


Bronchus healed. 
Right middle and 
lower lobes fully 
expanded Sputum 
negative 

Bronchus healed. 
Right middle and 
lower lobes fullv 
expanded. Sputum 
negative 


Tvbix HI Bronchial Adenoma 


sex 

\rr 


DIAGNOSIS 


SURGICAL ITOCEDtTE 


DATE 


PESULT 


n I s 1 Bronchial adenoma 

24 medial wall of right 
main bronchus 

ill! M Brom lual adenoma 

H anterolateral wall 
left lower lolte 
bronchus 


\\ edge excision and 
transverse suture (Fig 
7) 

Left lower loliectomv 
and excision of ade¬ 
noma, preserving a 
flap of bronchial wall 
u*ed for reconstruction 
(Fig 81 


Tune 12, 1151 


Tune 2 H52 


Bronchus healed 
Lung fullv ex¬ 
panded TTell to 
date 

Bronchus healed 
Left upper lobe 
fullv expanded 
\\ ell to date 


BRONCHIAL ADENOMA 

Bet tuno broiuhnl adenoma is i tumor of low-grade mahgnanet it lends 
itself well to localized resection and bronchial reconstructive proeedmes m the 
interest of preservation of health! lung tissue Onli in the presence of distal 
putmonnrx suppuration is the resection ot lung tissue justified Case $ 
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illustrates the preservation ot an entire light lung which was healths m spite 
of an adenoma in the medial wall of the light mam bronchus Wedge re¬ 
section and transverse suture resulted in complete excision of the tumor with 
restoration of bronchial eontinuitv 

Bronchial adenomas mav be so situated that a tumoi m addition to pi o- 
,luting suppuration m the lobe distal to it has giown so close to anothei 
bronchial orifice as to indicate a wider bronchial resection to effect a cure In 
such cases it is unuecessaiv to sacrifice the healthv lung tissue because a 
bronehoplastic procednre 01 lnonehial anastomosis maw be earned out which 
will pernut wide excision of the tumor and wet preserwe the healthv lobe Bw 
means ot a flap of bronchial wall it was possible to presene the left upper 
lobe m Case 3 Pnenmoueetomw and loss ot function would otherwise hav e 
been neeessarv for adequate removal of the adenoma 

BROX'CHOGEXIC C VRC1XOMV 

The authors aie ot the opinion that bionchial reconstiuctive procedures 
have a definite place in the surgerv of bronchogenic carcinoma under certain 
limited conditions Bv means of tinnsvevse suture or dermal grafts it is 
possible to restore bronchial eontnnutv following resection of an entire lnng 
the carma and a portion of the opposite mam bronchus foi a bi onchogemc 
carcinoma This proeeduie as suggested bw Abbott,’ extends the opeiabilitv 
ot certain lesions which impinge upon the eanua and trachea as lllnstiated m 
Case 10 In certain other mstanees pulmonaiv function maw be diminished 
to the degiee that it prohibits the resection of an entire lung but will permit 
the resection ot a lobe Bw means of a limited resection and bronchial anas¬ 
tomosis the removal of a carcinoma involving the right mam bronchus was 
made possible in Case 15 Pnenmoueetomw was out of the question because 
n contralateral thoraeoplastw had been done seven weal’s before for tuberculo¬ 
sis In two other eases (Cases 11 and 12) lobectomv with wedge resection 
and bronchial anastomosis were indicated because of poor pulmonarv func¬ 
tion In three patients (Cases 13 14 and 16) a lobectomv and bronchial 
nnstomosis were done deliberateh on the pienuse that these procedures were 
adequate operations for these partieulai camnomas 

Of the seven patients m whom a lnonehial reconstruction was done fol¬ 
lowing resection for bromhogeme caiemoma a total of S lobes of lung were 
preserved Three pitients have died ot carcinoma 4 months 5 months and 
1 vtar respeetivelv alter the operation It is interesting that m two of these 
t irie patients a limited resection and bronchial anastomosis were done as a 
(omprnmise with pneiimoneetomv because of poor pulmonarv function The 

reiiiamme ionr patients are alive and well 1 11 12 and 18 months respec- 

tiveh follow in.; the operation It is noteworthv that three of these four 
sunnnur patients were those m whom limited resections and bronchial 

uns o,„os^ , uro <lotl0 Scratch as an adequate operation for the re 
'(Hi tiu i imuonns re 

Vu tmpvtma dtvtlopul two patients following tiansverse suture Both 

... V <»b 



24G 


'HIE JOUKNAL, 01- TIIOIIACIC SUKOEKY 





248 


THE JOURNAL OF THOR VCIC SURGERY 


Table IV Bronchooemo Carcixojia 



SEX 





CASE 

AGE 

DIAGNOSIS 

SURGICAL PROCEDURE 

DATE 

RESULT 


McC 


57 noma, epidermoid, 

right mam bronchus, 
trachea, and Carina, 
with lymph node 
metastases 


U V S M Bronchogenic carci 
56 noma, epidermoid, 
right upper lobe 
bronchus with lymph 
node metastases 
Emphysema with 
poor respiratory 
function 

12 £> S M Bronchogenic carci 

58 noma, epidermoid, 
left lower lobe 
bronchus with lymph 
node metastases 
Emphysema with 
poor respiratory 
function 

13 H E II Bronchogenic carci 

47 noma, undifferen 
tiated, superior seg 
mental bronchus, 
left lower lobe, with 
lymph node metas 
tases 

11 A B M Bronchogenic carci 

50 noma, epidermoid, 
superior segmental 
bronchus, left lower 
lobe, with metas 
tasis to one lymph 
node 

15 C F M Bronchogenic carci 

50 cinoma, epidermoid, 
right main bronchus, 
with metastases to 
regional lymph 
nodes Left 8 nb 

thoracoplasty for 
tuberculosis, 1946 

10 T K II Bronchogenic carci 

55 noma, epidermoid, 
apical posterior 
bronchus, left upper 
lobe No node in 
vohement 


lower trachea, canna, 
and medial wall of left 
main bronchus Beeon 
struction of left mam 
bronchus by transverse 
suture of left mam 
bronchus to trachea 
(Fig 9) 

Bight upper lobectomy, 
wedge resection of 
right mam bronchus 
and transverse suture 
(Fig 10) 


Besection left loner lobe 
and left mam bronchus 
End to end anastomosis 
left upper lobe and left 
mam bronchus (Fig 
11 ) 


June 1, 1951 


Noi 11, 1951 


April 9, 1953 


Besection of left lower 
lobo and portion of left 
mam bronchus End to 
end anastomosis, left 
upper lobe and left 
mam bronchi (Fig 11) 

Resection of left lower 
lobe and portion of left 
mam bronchus End to 
end anastomosis of left 
upper lobe and left 
mam bronchi Trnche 
otomy (Fig 11) 
Resection right mam 
bronchus and right 
upper lobe End to end 
anastomosis of inter 
mediary bronchus to 
trachea Tracheotomy 
(Fig 12) 

Left upper lobectomy 
Left lower lobe bron 
chus compromised by 
closure Wedge resec 
tion and transverse 
closure 


April 21, 1953 


June 13, 1953 


Tune S, 1953 


March 12, 1954 
March 1(>, 1954 


A one year survival. 
Developed empyema 
and fistula at site 
of suture line which 
healed with drug 
therapy and drain 
age Died June 14, 
1952, of carcinoma 

Leak at suture bne 
and empyema 
Healed with dram 
age by February, 
1953 Well to date 


Bronchus healed and 
left upper lobe ex 
panded Peine 
metastasis Died 
Aug 30, 1953, with 
recurrence of carci 
noma m bronchus 
and mediastinum 
Bronchus healed 
Left upper lobe well 
expanded. Well to 
date 


Emphysema relieved 
by tracheotomy 
Bronchus healed 
Loft upper lobe well 
expanded Well to 
date 

Bronchus healed 
Eight middle and 
lower lobes ex 
panded well Died 
Oct. 16, 1953, of 

caremomn in right 
bronchial tree 

Bronchus healed 
Left lower lobe u< H 
expanded Well to 
date 


sema developed immediately postopeiativelv m one patient (Case 14) due to 
a leak of air from the bionchial anastomosis and x\as relieved by tracheotomy 
There weie no operative moitalities Recurience of the carcinoma oceuned 
m the leconstiucted bionchial lumen m two patients (Cases 12 and 15) In 
each instance a localized icsection and bionchial anastomosis vtcie done as a 
compromise with pneumonectomy because of pool lespnatoiy function 
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technique 

The amazing healing pow ers of the bionchus hav e been w ell demonstiated 
tor rears br the simple elosnies of bronchial stumps used by thoracic sili¬ 
con's Experimental and clinical obsei rations ritli bionchinl anastomoses 
hav e further substantiated this fact 

Xo attempts were made to pieserve the bronchial vessels m this senes of 
eases The bronchus uas cleanlv divided and anv bleeding from the bronchial 
vessels eontioiled Caiefnl sutuiing was done, using mtenupted fine cotton 
oi cable wue sutuies so placed as to bnng the mucosal edges into careful 
opposition In so far as possible, the sutme was placed thiough the bronchial 
wall and submucosa to avoid pieiemg the mucosa and was tied oil the outside 
of the bionchus Care was taken to make the closnie of the bionchial wall 
airtight 

Traeheotomv was not done routmelv The bionchial secietions, which 
weie usuallv troublesome duimg the first few davs postopeiativeh were le- 
moved m most instances bv menus of mtiatiaebeal catlietei and suction In 
those instances in which piihnonarv function is 1 educed to an evtieme degiee 
a traeheotomv should be done at the time of the opeiation, as m Case 15 
‘should an air leak at the site of the sutme line develop m the immediate post¬ 
operative period a traeheotomv should be done to 1 educe the mtiatiaeheal 
and intrainonclual pressure 

Postopeinine bionehoscopv was avoided m most instances Such in¬ 
strumentation eailv in the postopeiativ e penod mav turamatize the delicate 
mucosa at the lme of suture oi reconstruction Late bionehoscopv for the 
purpose of inspection of the anastomotic site is unnecessarv unless the patient 
is having svmptoms such as an imitative cougli, mdicatmg sutures Ivmg 
within the lumen of the bionchus Should this occur, bronchoscopic lemoval 
is indicated 

The use of the prone position during anv reconstructs e pioceduie in¬ 
volving the bronchus or tiachea facilitates the opeiation consideiablv from 
the standpoint of anatomic exposme anesthesia and maintenance of a cleai 
urwnv Because the mam bronchi aie situated posteriorlv, the most dneet 
exposure for most bronchial anastomoses is obtained with the patient Ivmg 
m the prone position In this position the patient tolerates an open bronchus 
for longer periods of time than m the lateral position because of the absence 
of the need for positive pressuie anesthesia Indeed the patient mav lespire 
room air through the bronchotomv opening foi short periods of time with no 
thkterious effects 


dr 


The airwav remains clear of bloodv drainage because anv bleednm usuallv- 
uns out into the pleural eav itv mthei than into the bionchus 


The Passage of the intratiacheal tube into the contralateral btonehus is 
«,n pumo tW ease of 

‘ "™" W ''"' «>" '■> fc'nb], In 

OI polooilo the tempo, -ml, ra „ f 
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clamp, a sponge, 01 mteiiupted fine sutuies In one instance (Case 15), a 
small intiatiacheal tube was liitioduced into the distal mteimediaiy bionelnis, 
brought out thiough the wound, and the two lcniainmg lolics lespned In 
means of a second anesthetic machine 

In the case of bionchogenie caicmoma, the pi one position makes possible 
an extensive mediastinal and pencaidial dissection even in those instances m 
which a lobectomy is done All Ivmph-node-beanng aieas can be leadily 
approached 


DISCUSSION 

Theie can be no question of the usefulness of lnonchial suture, bionchinl 
anastomosis, and lnonchoplastic pioeedmes foi tiaumatic lnonchial mpture, 
tuberculous bionehostenosis, and lnonchial adenoma These pioeedmes should 
be considered in the suigieal attack on any benign lnonchial lesion to avoid 
unnecessaiy sacrifice of good lung tissue 

The utilization of these pioeedures in the suigieal attack on bronchogenic 
caicmoma must be eaiefully consideied Inadequate pulmonaiy rescue and 
the extension of opei ability justift then use in eeitain instances The authois 
are of the opinion that, in the interest of pieseication of lung tissue and a 
lowei moitahty, the operation of lobeetomj with wide lesection of the caici 
noma, detailed dissection of the mediastinum, and bionchial anastomosis may 
be done deliberately m those cases in which it is believed to be an adequate 
operation for the tumoi 

Our experience with the treatment of bionchogenie caicmoma has m 
cheated that lobectomy, where feasible, yields at least as good lesults as 
pneumonectomy, with a lowei moitalitj The moitahty late m oui hands foi 
the 239 resections done foi bronchogenic caicmoma during the penod from 
1945 to 1954 was 10 6 per cent for pneumonectomy and 3 1 per cent foi 
lobectomy (Table V) The survnal lates for four jeais or moie foi resections 
done for bronchogenic carcinoma in the yeais 1945 through 1950 aie 25 pei 
cent for lobectomy compared wnth 13 pei cent foi pneumonectomy (Table VI) 
In many instances moie fat oi able lesions, such ns the well localized penpheial 


Table V Operative Mortality for Bronchogenic Carcinoma, 1945 1954 


TYPE OF RESECTION 

| NUMBER 

| DEATHS | 

MORTAIIT1 (%) 

Pneumonectomy 

141 

15 

10 6 

Lobectomy 

98 

3 

3 1 

Total 

219 

IS 

7 5 

Table Ad Surwval Bates 

of Patients With Bronchogenic Carcinoma Operated Uton, 
1945 1950 

type of resection 

j mjmbep 

| strain ors | 

SUR\r\ \L RATE (%) 

Pneumonectom\ 

83 

11 

13 2 

Lobectomy 

40 

10 

25 0 

Total _ 

■HIKEiHi 

21 

17 0 
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carcinoma were removed br lobeetomv. although this was not entirely true 
the indications being m some instances chest wall involvement and poor 
pulmonary or cardiac resen e 

Pneumonectomv is the ideal cancer opeiation m the ma^ontv of broncho¬ 
genic carcinomas There remains a group of localized lesions however, for 
which lobeetomv mar be a desirable and practical operation because of the 
lower mortahtv rate and the advantages resulting from the presen ation of 
lung tissue In addition to the indications foi lobeetomv alreadv given, this 
operation combined with bronchial leseetion and anastomosis mav he con¬ 
sidered for the -vi ell-localized small, centrallv located lesions Furthermore, 
this procedure will permit wider excision of the bronchus m those patients in 
whom limited cardiac 01 respiratory reseive makes lobeetomv imperative 


shmaiart 

1 Sixteen cases involving the use of bronchial anastomosis and broncho- 
plastic procedures in the interest of presen ation of lung tissue are presented 

2 These procedures were used successfully for traumatic bronchial rup¬ 
ture (4) tuberculous brouchosteuosis (3) and bronchial adenoma (2) 

3 Bronchial anastomoses ha\e been utilized foi bronchogenic carcinoma 
in seven patients because of inadequate pulmouan reserve (3) deliberately 
lor small centrallv located lesions (3) and to extend opei ability in one pa¬ 
tient Thiee patients died ot then eaieuioma within one vear after operation 
The iemaimng fom patients m three of whom the opeiation was done de- 
hbeiatdv are ahv e after 1 11 12 and IS months respectively 
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VDDEXDUVI 

v total of twelve bronclioplastic procedures with rejection for bronchogenic carcinoma 
lave now Wen performed hv the author: The indications were inadequate pulmonarv re 
• ne in **ur deUbenteU for rentrallv located lemons in six and to extend operabilitv 
... two patient. One operntn. mort .lin occurred t«elve dav- after an end to end ana. 
to. O ,s n tie left main brm.clm- and trachea following resection of the right lung and 
car.ua Ihath was dm to made,,., it. pulmonarv funeuon Three patients died of 
noma withvn one vear of the operat.on The remn.nmg eight pat.en are a te d !, 
for varvmg j-nud. up to twenlv .,x month- following operation ^ 
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Discussion 

(PAPERS BA ABBOTT, VANTLEtT, \\D ROBEPTO, AND FUJI SOX AND SHAW ) 

DB B H EVANS, Fresno, Calif —I would like to refer brief!} to the patient mentioned 
b} Dr Paulson on whom Dr Samson and I operated almost a }ear ago 

(Slide) This early film dated February, 1948, shows a bronchogrnm with occlusion 
of the right stem bronchus This 14 year old bo} at the age of 1 } ear was run over by a 
wagon The accident was followed by a stormy course and hospitalization for three or four 
months 

(Slide) This is a film made approximately seven weeks after bronchial restoration 
of the right lung This shows peripheral filling of the right lung, and I do not belieie 
there is an}- significant bronchiectasis 

At the tune of operation there was mucinous material filling almost the entire left 
lung, which had to be aspirated from the bronchial tree, the cultures from this secretion 
w ore entirely negative 

(Slide) This was made two months after operation The right lung is well aerated, 
the diaphragm is elevated, is attached to tho chest wall, and is movable on fluoroscopy 

(Slide) This is the most recent slide we have available The right lung appears to 
be larger at this time The trachea is now in the midhnc, and we hope thnt the lung 
will show further expansion 

DB WATTS B WEBB, Sanatorium, Miss—I want to emphasize the point that Dr 
Paulson has made, that these lungs that are atelectatic distal to a complete benign stne 
ture do not need to be resected Dr Evans and Dr Samson hn\e demonstrated climcallv 
that they can be re expanded after a prolonged period of atelectasis Dr Burford and 
I became interested in this some years ago and, in renewing the pathologic slides of four 
lungs that had been resected at Barnes Hospital, after as long as twenty six years of totnl 
atelectasis, we found, surpnsingli, that they looked almost normal except, of course, for 
tho atelectasis Experimentall} we produced this in dogs by transecting the mam stem 
bronchus, closing both ends, and leaving tho lungs atelectatic for periods up to nine 
months At the end of that time we reoperated, aspirated all the clear glair} mucus that 
has been described, and reanastomosod the bronchus Each lung re expanded promptly 
and completely At a later date we were able to demonstrate a completeh normal trncheo 
bronchial tree throughout, we wero able to demonstrate a perfectly normal vascular bed 
and also, by oxygen studies on tho blood from both pulmonary yeins to demonstrate 
that these lungs do oxygenate tho blood that is flowing through them These results were 
published in the June, 1953, issue of the American Medical Association Archives of 
Surgery, and we were able to predict with confidence thnt such would bo feasible climcnllv, 
though we ourselves had not seen such a patient since tho development of this concept 

I might make one suggestion on the case thnt has been presented by Dr Evans and 
Dr Samson, I think that this is not so much a case of incomplete re expansion of tho lung, 
ns that, in the child, the lung did not grow ns would the norma] lung during the period while 
it was atelectatic 

DB J V THOMPSON, Indianapolis, Ind —I ccrtninl} appreciated tho pnpors presented 
b} Dr Abbott and Dr Paulson emphasizing tho applications of these bronchoplnstic pro 
ccdurcs My concern is with the application of theso procedures to traumatic cases 

(Slide) This case was that of a 33 year old man who was admitted with a traumatic 
injury—a crushing injury to the right chest with multiple fractures of tho nbs and a tension 
pnoumothornx. The patient yvas treated at first bv a closed thoracotomy with tubo drainage 
After twelve hours hoyvevcr, a rapid exudation of air occurred through tho catheter, and his 
condition deteriorated Ho was taken to the operating room and explored at once Thcro yvas 
found to be a complete seyemneo of tho right upper lobe bronchus and multiplo lacerations 
of tho right upper lobo necessitating lobectomy Lacerations of the superior portion of tho 
ncht lower lobo were repaired, and that lobo was saved Thero was, in addition, however, a 
long longitudinal rupture of the trachea at the junction of the membranous and cartilngmous 
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ureas extending superiorly from tlie earina for S cm, then running transversely across He 
trachea and two cartilages Oxygenation was maintained bv a catheter in the left bronchus, 
and bv use of the balloon on the catheter it was possible to keep the ruptured trachea closed 
until repair could be accomplished This was done bv approximating sutures after debridement 
The patient was followed bronchoscopicallv, and there has been no evidence of stenosis 

The second case docs not demonstrate an occluded bronchus for fifteen years as does the 
case of Dr Samson, but the severed bronchus was present for two mouths before successful 
repair 

(Slide) The patient was admitted with a traumatic injure and was treated bv n 
closed tube thoracotomy The condition was complicated by severe cerebral injuries which 
necessitated waiting for eight weeks before a thoracotomy could he performed A bronchos 
. op\ was done shortly after admission and the left mam bronchus was found to be occluded 
b\ a pupating mass Fortunately, the pleural space was filled bv the atelectatic lung At 
the time of exploration it was noted that the left mam bronchus was completely severed 
The ends of the bronchus were separated bv the pulmonary arterv The ends were dis 
sected free, trimmed, and reanastomosed. 

(Slide) Good function of the lung was obtained, and no bronchial stenosis or other 
complication has occurred in the past rear 


DE BOBERT FOX, Evanston, HI—I want to mention a traumatic case similar to 
that discussed This one, unfortunatelv, was at a much higher level A young box was 
admitted to the hospital as an emergency following nu nutomobile accident, with massive 
bleeding around the face and mouth, and obviously a compound fracture of the mandible 
The resident noticed increasing respiratory difficulty, and the patient's ueck, which was 
not lacerated, was starting to putt up and down with each respiration After controlling 
the bleeding, the resident started to do a tracheotomy made an incision, put a finger in to 
find the trachea, hut it was not there It had retracted about 5 cm down mo the 
mediastinum Fortunately, the bov hnd been kept face down to evacuate the blood from 
the pharynr The resident was able to get n long tracheotomy tube m place while other 
revuscitativ e measures were done The patient was then taken to the operating room and, 
with a few drops of local anesthesia, the incision was widened nnd the distal end of the 
trachea was brought up and found to be ruptured completely at the level of the second 
tracheal cartilage There was also a vertical laceration in the membranous portion for 
about 13 cm downward This was repaired and then a simple anastomosis wns made of 
the tracheal stumps Prior to this a now tracheotomy was made through about the fourth 
nnd fifth rings, a formal tracheostomy done, and the anastomosis completed The 

recurrent lnrmgcal nerves were both completely ruptured, although the esophagus was not 
damaged Of course, he hnd bilateral cord paralysis but at the present time he is hack m 
school Ho has a hoarse voice and some slight d'spnen on exertion 

(Slide) Yt this level there appears narrowing of tlie trnclieal lumen The lateral 
Kmiaogrnm shows onlv slight narrowing He does hare n partial stricture and cannot 
take part in athletics, but he is able to handle himself well We hnd not thought of 
doing anything about the stricture because of the bilateral cord paralvsis The 
tracheostomy wns taken out about two weeks after the anastomosis 


(In. Z T)UrD 11 " yTEBMAN, Knoxville, Tcnn—These two papers have emphasized 
tlmt the pr. wry at.on aud restoration of function are certainly very fundamental concents 

r rx r? n CUt,IUSlnSm W ‘ th ~P* are embraced 

z:::Lr M ““ t,,ut ^ »■*«>««t:nS 

(Sbd, ) The first case m that of an IS vcar old man who presented himself vnfh an 

irr, ° ? Rl,t >ollo "' ln P 'Imimige we noticed the atelectasis of the nght upper 
ad demonstrated in this l.ronchogrnm complete block of the right „nn« /l 
bronchus Broncho copy r.yonled „n adenoma ooiuphtyk blocking 

t< tilling into the lumen of the main bronchus P bronchus and ex 
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At operation, in July, 1950, we were reluctant to sacrifice the entire lung when we 
found that the adenoma had directly extended well into the mam bronchus itself The 
middle and lower lobes were anastomosed directly to the trachea after resecting the 
major portion of the right mam bronchus with the right upper lobe The next sbde 
shows the final result several months later, with the right middle lobe and right lower lobe 
satisfactorily filling the right hemithorax 

(Slide) The next case is that of severe tuberculous stenosis m a nurse The 
bronchogram demonstrates the marked stenosis of the left mam bronchus, with complete 
block of the left upper lobe 

(Slide) Here is the postoperativ e film after resection of the destroyed left upper 
lobe and the stenotic mam bronchus The left lower lobe was anastomosed to the trachea 
I show this next slide to emphasize the importance of postoperative care Three days 
after surgerv the breath sounds were poor on the left, and obvious block is apparent on this 
x ray Bronchoscopy showed marked reduction of the lumen at the site of the anastomosis 
due to the temporary edema that always occurs The final sbde shows the complete aera 
tion of the left lower lobe following relief of the temporarj obstruction 

The recent article bj Gray el in the Journal brought out an important point, I think, 
in reporting the rupture of an anastomosed bronchus direct!} into the overlying artery, with 
fatal termination We have seen similar rupture of a lobar bronchus into the artery 

To guard against this, we wrap a piece of pleura completely around the anastomosed 
bronchus m the same fashion as is illustrated m this slide showing our bronchial closure 
This interposes an appreciable tissue barrier between the bronchus and the overlying artery 
affording considerable protection, m our opinion 

DR CLIFFORD F STOREY, Portsmouth, Ya —I should like to comphment both 
Dr Abbott and Dr Paulson on their excellent presentations Mv purpose in discussing 
Dr Paulson’s paper is not to record my triumphs, but to present two cases, one of which 
developed an unexpected and distressing complication I would Uke to ask Dr Paulson if 
he knows whv this complication occurred and what could liny e been done to prevent it. 

(Slide) This patient had a bronchial adenoma which proved to be of the carcinoid 
t\pe It involved the orifice to the middle lobe, the superior segment of the lower lobe, 
and the main right lower lobe bronchus I believe that these diagrammntic sketches show 
the location of the lesion clearly and also explain adequately the type of operative pro 
cedure earned out The lower lobe was resected as was the proximal portion of the 
middle lobe bronchus and the distal portion of the intermediate bronchus The stump of the 
middle lobe bronchus was anastomosed to the stump of the bronchus intermedius just 
below the nglit upper lobe bronchial orifice 

(Slide) The film on the left is the preoperative one, the one on the right is a post 
operative bronchogram. It is difficult if not impossible to see where the suture line is, and 
on postoperativ e bronchoscopv the lumen was entirelj adequate 

(Sbde) This patient was a comparatively young sailor who also had a bronchial 
adenoma of the cylindroma type somewhat larger than the previous one and situated in 
almost precisely the same position m the right lower lobe bronchus involving the margin 
of the superior segment and the orifice to the middle lobe, necessitating the same type of 
resection and anastomosis as that carried out in the previous patient 

(Sbde) The preoperative chest roentgenogram is shown, he did not have complete 
bronchial occlusion in spite of the size of the tumor, and actuallv it is difficult to see in this 
film that he has a lesion The x ray on the right was taken approximately four months 
after resection and anastomosis, and I must sav I was extremely pleased with the appear 
anco of the x rav However, I made the mistake of carrying out a postoperative bronchos 
copy- and, much to mv consternation, found that he had developed quite a stricture at 
the site of the anastomosis He was kept in the hospital for several additional weeks and 
the stricture became progressive!} tighter so that it was necessary to go in and remove 
the middle lobe which we had attempted to save 
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DP. OTTO C BE ANTI GAN, Baltimore, Aid.-I wl. to compliment Dr Abbott and 
Dr Paul'On on the excellent work thev have -o beautiful^ presented. I would lake to 
call attention to another tvpe of graft which can be used to restore the trachea and 
broncho a viable pedicle graft using the client trail that is, the pleura periosteum, inter 
costal muscles, intercostal arterv, nerve and vena I have found little chance to app t 
this tvpe of graft since the original presentation br Dr Penton and me « V ho ^! a 8 
snccessfnl reconstruction of the lorver end of the trachea and both mam bronchi- There 
have been tiro additional patients One rvas a 30 rear old woman with a bronchial 
adenoma involving the right main sten bronchus at the junction of the upper lobe It 
rvas a question of either resecting the whole lung or doing some tvpe of bronchial repair 
The adenoma was locallv resected, taking out about 3 cm of bronchus m length and 
about half of its circumference The patient has remained well for two veara 


The second patient was a 50-vear-old man with a contracting localized carcinoma 
strangelv enough arising from the upper lobe bronchus but contracting and invading 
the main bronchus, the lower end of the trachea, and the left main bronchus AVe were able 
to re'ect the right lung, the lower end of the trachea and part of the left main bronchus 
reconstructing it with this particular tvpe of viable pedicle graft The patient did well 
for three davs, and then began to have trouble He died at the end of four davs The 
autopsr proved the justification foT the operation, all carcinoma had been eradicated 
locallv there was no lvmph node involvement and. no distant metastasis The repair of 
the lower end of the trachea and left main bronchus was entirelv intact and viable and 
certamlv would have remained so The patient died of a massive coronarv occlusion. 


DR DEWITT C DAUGHTRY, Atiami, Fla.—I wish to congratulate the authors of 
the last two papers, for thev have presented subjects which are of considerable interest and 
value I should like to present four ca c es that fall into the same general categorv as 
presented in both these papers 

The first was n patient aged 54 with a histon of wheezing and slight hemoptvsis 
for one rear He had a negative x rav of the chest for the entire vear and thus nothing 
further was recommended m the wav of investigation or treatment At broncho=copv he 
was found to have a cvlmdromn almost eompletelv obstructing the mid and lower trachea 
Through a right posterolateral approach 7 cm of the lower trachea and posterior cannn 
were excised Small endotracheal tubes were placed in both stem bronchi and ns the 
repair was being completed, this was replaced bv a larger single plastic tube The repair 
was accomplished bv the use of tantalum mesh covered with fascia lata. A tube splint 
was left in the trachea much like the one presented in Dr Abbott s paper This was 
removed after six davs, and the patient s postoperative course seemed quite satisfaetorv 
until the eighth dav He developed a tension pneumothorax and a right empvema An 
attempt was made to decompress the pneumothorax but was unsuccessful The patient 
was m a rather debilitated condition and died with suppuration on the tenth postoperative 


(^lide) This shows the specimen, 7 cm in length The cut section is approximateli 
-cm in thickness 

(Slide) This shows the tantalum mesh and fasna lata repair and reveals that most 

TTZ ,TT ’ ata th « s explaining the tens.on pneumothorax wh,eh was 

impo«Mlnc to cope witk. 

sec r larT1,T - re I’ a,r?d traefcea, and stem branch. One can readilr 

the extensile defect and that the posterior portion of the canna was resected 

T ' ,fl ' t ’ C laU ^ UtU 5e fi in place longer, the outcome might have been 
different for it is not unlikelv that the lung would haie become adherent to tF t . , 
mesh thus «cahng an(1 lt t * wasTextensrae I “i ?^ 

that doubt that a reinforced sh,n graft would have been 1 ^ ^ I T 

costa, bundles an0 the attached periosteum might haie beoTa beDer 2 

iho npur ^ a choice m ninJiin" 
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The three other cases were traumatic One was a voung Negro uho had been in 
' °^' el ^ ln a motorcycle accident, sustaining a badlv fractured lari nx and upper trachea 
The vocal cords and the adjacent mucosa had been almost completely detached The 
larj nx was rather badlj fragmented and likewise the upper trachea was fractured and 
badly contused The vocal cords and mucous membrane were reattached to the laryngeal 
cartilages and to the trachea The fracture sites were ddbnded and closed m a rather 
meticulous manner A tracheotomi was not performed, but the tray was kept available, 

and a resident was in almost constant attendance A Lenne tube was placed in the 

esophagus The patient made an uneventful recoiery including satisfactory restoration 
of his x oice 

The next case was a Negro si ho had been in\ olved in a battle of razors and had 

sustained a completelv severed trachea just above the sternum The thyroid gland had 

been severed and likewise the left internal jugular vein The recurrent laryngeal nerves 
were intact This patient’s trachea was repaired with interrupted sutures without the 
use of a tracheotomy tube This patient did not develop am subcutaneous emphvsema 
and was discharged from the hospital on the sixth postoperative dav completelv recovered 

The last case, and the most extensile injurv of this tvpe that we have seen, was a 
52 year old man who was in\olved in an automobile accident. He was admitted to the 
hospital with a right tension pneumothorax, in profound shock, and exhibiting marked 
paradox of the upper anterior half of the right thorax The skin o\ er this area was intact 
but the nbs and muscle could not be identified A closed thoracotomy was performed 
with the institution of stroug suction The tension pneumothorax remained despite 
strong suction for four or the hours It was obvious at this time that the patient had 
n fracture either of the trachea or of a major bronchus Through a right anterior thorncot 
omv approach, it uas discovered that he had a fracture of the trachea just above the 
canna with only I cm of the membranous portion still intact The fracture extended 
across the right stem bronchus detaching the upper lobe bronchus The azvgos \ein was 
severed and was actively bleeding into the tracheobronchial tree The endotracheal 
catheter was guided into the lung and the left lung was kept inflated while the trachea 
and right stem bronchus were repaired with interrupted silk sutures The patient was 
given the usual postoperativ e thoracotoim care and made a satisfactorv recover! Three 
months later he reappeared in the office with a considerable cough, and bronchoscopv re 
vealed a considerable amount of granulation tissue at the site of the suture line in the 
right stem bronchus and, after removal of some of this granulation tissue, two or three 
sutures were visible, these were removed and the patient has had no further trouble 

This is certainlv a ier\ interesting group of cases If proper treatment is instituted 
at an earlv date, the majontv of these people mav be sahaged 

DB E K. JOHNSON, Brooklyn, N Y—I have enjoved the presentations and the 
discussion on the \ anous topics It has resharpened im interest in conserving lung tissue 
where possible bv resecting the bronchial lesion and anastomosing the ends I know that 
many of vou have been impressed bv the rather normal appearing pulmonary tissue beyond 
the lesion in the surgical specimen 

I would like to show some cases to illustrate this point The first is that of a 
middle aged man who had a tumor of the right middle lobe It uas diagnosed as an 
adenoma At operation it was found that the tumor extended into the right mam bronchus, 
necessitating a bilobectomv, but a sleeve resection of the right main bronchus was done 
and the two ends anastomosed On about the eighth dav a bronchopleural fistula developed, 
but was controlled bv drainage, and two months later a mvoplastie flap occluded the 
fistula 

The second case uas a 34 v ear old uoman who had an adenoma of the right lower 
lobe bronchus ^mce there was no evidence of suppuration, salvage of the middle lobe un« 
done bv resecting the right loner lolic bronchus above the orifice of the right middle lobe, 
nnd re anastomosing it to the right main bronchus 
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The third case I shall mention briefly The patient had a large bnlkv tumor in the 
right upper lobe and, in attempting to Tteea the bronchus at the cnnnn t e OPP 051 e 
bronchus was partly transected The partly open end of the trachea teas sutured to the cut 
end of the bronchus Although I was great lv concerned I found that the closure was 
exceedingly easv and the patient had a most unremarkable Tecoverv 

The first ca*e -eras done two and a half rears ago and a later examination of the 
specimen showed it to be a carcinoma He is alive and well todav The second case was 
done IS months ago, and the bronchogrom shows that the anastomosis is secure and not 
stnetured The salvaged lobe aerates, does not trap air and *eems to function welL The 
third case is too recent to comment upon In each case bronchial secretions were retained 
for several weeks in the salvaged lobes and then thev finally cleared. 

I would like to ask the essayists if thev bebeve that the salvaged lobe is functioning 
If secretions are retained, would it suggest that air might be trapped later with emphvsema 
and reduced ventilation! Is it a practical procedure 5 It appears to me to be practical 
hut from their greater experience I shonld like to have their opinion 


DR GABRIEL P SELET, Xew York X Y —I would like to comment on these two 
paper- with particular reference to adenoma of the bronchus At Aft Sinai Hospital we 
hare had an experience with S3 cases over the past twentv rears Two of these were 
situated at the canna and eertainli would be amenable to this Ivpe of therapv However 
I would like to caution vou on two points In the first place mam of these adenomas, if 
not all ha\e a marked iceberg tvpe formation, that i Q , mod of the lesion is outside the 
bronchial wall Therefore with this tvpe of operative procedure one will probablv be 
able to remoie this extrabroncliial component with ease Second in mam ca«es a lvmph 
node metastn*!' particularly bv direct extension method is noted in these adenomas and 
in addition (and I do not think this has been stressed) there were four case* with distant 
meta*tases Three of the*e patient* have died of these raetnstase* two had bad previous 
resection*, one a lobeetoim and one a pneumonectomy In the fourth case there were 
ju--t a few tin\ nodule* in the liver but this patient died of amvloidosis twentv six years 
after the omet of «\mptom* Therefore for a permanent cure adequate resection of the 
cxtrabronchial component and the regional nodes is nece*sarv for adenoma of the bronchus 
eccn though the nialignanc' 1 = of 'em low grade 


DR LI MIX \ BREWER III, Los Angeles Calif—The^-e papers on tracheal and 
bronchial reconstruction are extremel' important because the' place increasing emphasis 
on preservation of lung ti«-ue Instead of excising lobes and lungs because of diseased 
trachea* or bronchi functioning portion* of pulmonary tissue have been saved The 
method' that hn\e been *o abl' described this afternoon should be employed more exten 
M'elv than i* common practice todav 

I "i'h to pre ent bneth one technical point which we hate found of great assistance 
u a**unng the succe*' of tracheal and bronchial graft* and anastomose*, that i* the use 
of a podtrlcd pericardial fat graft which we presented last rear at the San Francisco 
an mine of this \*<ociation Thi* graft will seal off the leaking of air in the anastomosis 
■etter limn ant other ti*-uc that we hate employed It i* a bring graft which is adapt 
ilde lvoth to bronchial and tracheal anastomosis and reconstruction 


In a case of trachoat rc*eeUon }>erformed from a left sided approach because wc 
th night that it would be necessary to take out the left lung for n tracheal carcinoma the 
major portion of the trachea wn* re ected making an ana*tomo*i* up in the neck and below 
o the canna and to th. right mam bronchus Because of the difficult exposure of the 
M hr n hi,« from the left chest we had trouble m effecting an airtight nnastomo*.* 
1, am,W ' nrt,p5,t wuh ,l “' of a pedicled pericardial fat graft 

ur .xpon.nre w.th pericardia! fat graft' non totals o'er 300 case* The craft* 

r,,; r r r “■ r * 
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tlie assurance that the tracheal or bronchial anastomosis mil hold J I'c haic cncuunltrttl 
no early leaks tn the /list three t ceeks after operation mth this technique The Into leak*, 
from three weeks to one or more y ears, are less than 2 per cent 

DR JOHX L POOL, Hew TorL, K T—Dr Paulson has stated that pneumonectomy 
is the procedure of choice for carcinoma of the lung I am certainly m agreement mth 
this statement This procedure, however, is not proper for those patients whose respiraton 
reserve is too lou to surme without being a cripple after the total lung is remoyed or in 
cases mth other physiologic needs for lesser resection I should like to call attention 
bneflv to one danger of lesser resections This is a pathologic point, namely, that whereas 
the major lvmphatic spread from bronchiogenic carcinoma is to the mediastinal lymphatics 
and also by the reins, one should not forget that there is another rich lymphatic channel 
in the submucosa of the bronchus and the trachea It is suggested that where resections 
of less than total pneumonectomj are contemplated, preliminary bronchoscopic biopsies of 
the tracheal wall and the major canna proximal to the level of contemplated segmental 
bronchial resection should be carried out In ser eral instances after pneumonectomj wo 
have had the misfortune to find at a later date recurrence within the tracheal wall Also 
unsuspectedlr, on biopsv of the main canna m the study of patients in whom bronchiogenic 
carcinoma of the main bronchus is present and m uhom pneumonectomy is contemplated, 
cancer has been found in those mucosal lymphatics 

DR MICHEL LATARJET, Lyon, France —I appreciate the honor of being a guest 
of this Association I have been much interested in the contnbutions of Dr Abbott and 
Dr Paulson to this subject, and I would emphasize one point The bronchial reconstruction 
and almost end to end suture of the bronchi which has been traumatized bv injury or by 
carcinoma requires, I think, a very sharp dissection All around the suture the pen 
bronchial layers are cut off, that means bronchial artenes, some of the bronchial veins to 
the azygos, pulmonan neryes, and lymph ducts nhich are going in or coming from the 
pulmonary tissue I have been interested in the anatomy of the sy stemic blood supply to 
the lung, and I know it has been intensively studied by Dr Liebow and his associates, but 
it is still important to emphasize its value 

I had the opportunity of performing such an operation on the bronchi three years 
ago in a boy, aged 13, after an accident The mam bronchus of the right side was broken 
and was repaired by end to end suture h’ow I find that the lung is going very slowly 
but surely to a bronchiectatic status, and I am afraid the reason is that the bronchial 
artery was cut around the mam bronchus On endoscopic examination the bronchus is 
free There is no stricture, no stenosis I can only sai that when dissecting around the 
bronchi, one should be careful of the peripheral layers It is enough to hare only 1 cm of 
this peribronchial laver, either on the anterior or the posterior aspect of the bronchi, to 
have a blood supply bi the bronchial arteri uhich preserves the lung tissue, which is 
placed beyond the anastomosis For there are numerous anastomoses between the bronchial 
artenes to the lobes, one of the branches of the artonal netnork, and one branch only, is 
able to supply the lung 

DR OSLER ABBOTT, Emorv Unnorsiti, Ga (Closing) —I tlunk this film shows tlio 
supporting sutures, the extensive area of resection Here is a temporary endotracheal 
tube in place, and here is the prosthesis reads to slip in While that tube is being placed 
and adequately fixed, there will be a rather rapid interchange to slip the endotracheal tube 
within the prosthesis in the distal bronchus area This stresses the value of the many 
supporting sutures about the remaining strand of tracheal tissue Sutures anchonng the 
prosthesis into the upper end are placed, and after a little liypen entilation we are ready 
to step from the operating team endotracheal tube over to the anesthetist’s tnchenl tube 
which comes down through the larvnx Here is the trade, and with that there is a minimal 
amount of anoxia. It might be of interest to iou to sec the bnlloon expand within the 

prosthesis 
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X merel% want to show the extent of leseetion of the adjacent trachea and bronchus 
involved in these radical right pneumonectomies, the value of the supporting sutures, and 
a method for transference of the one tube to the other for use Xow we present a bnef 
demonstration of the size of the dermal graft which has been utilized up to a length of 
10 cm This flap of balsa wood we find helpful m beeping down strain on one’s nerves and 
on one s instruments m placing the pins A Xo 2-t silver wire suture is threaded through 
It is ierv helpful to have one man anchor the pm toward which the other man is aiming 
as the wire is placed. Here the graft is being placed, and it will be sutured into place with 
multiple interrupted sutures Over this will be placed a pedicle pleural graft, and 
parttcularlv with the larger grafts is it mandaton to use the good vasculaT pedicle graft 
that Dr Brewer de-cnbed. He feel we owe him a great debt for that contribution 

DR ROBERT R ‘'HAH', Dallas, Texas—I want to thank all those who have dis 
cu^ed this paper Dr Abbott asked me to answer am questions that might come up with 
regard to his paper so that he might show this film I cannot answer anv questions with 
regard to the grafts he has used. XVe have used them, but we have not attempted anv of 
the rather extensive rejections such as he has shown here Our main object has nsuallv 
been to restore the airwav b\ a bronchoplastic procedure rather than the use of a graft 

I would like to comment bneftv upon the discussions of Dr Box and Dr Daughtrv 
One of our residents, approximated three months ago, also encountered a situation where 
the trachea had been completelv torn awa\ from the larvnx just below the cncoid 
cartilage XVe have taught our residents and interns in the accident room to do an 
immediate trncheotorm on patients with crushed chests, especiallv if there is obvious 
interstitial emph\*ema The intern, in doing the tracheotomv on the man who was just 
brought in, also could not find the trachea lmmediatelv and finallv located ir with his 
finger, grasped it with a clamp, pulled it up into the inei-ion, and then called for help 
The resident went down to the accident room and with no more anesthesia than that 
induced b\ the nlreadv consumed nlcohol was able to do a \ en nice end to-end anastomo 

using fine wire, placing the tracheotonn lower down This man fortnnntelv, had 
-ustnined no mjurv to the recurrent larvngeal nerves nnd had a good voice following the 
repair I think that is important because in situations where there has been a traumatic 
tear or rupture of the trachea nnd tracheotomv has been used as an emergenev measure 
uithout attempting to restore contiuuitv iiumedratelv, plastic procedures that mav be 
wvesvirv to restor. an amrav and cbmume a tracheotomv can 1* rerv tedious and usuallv 
result in lo°s of voice 



INTRATHORACIC RUPTURE OF THE TRACHEA AND MAJOR 
BRONCHI DUE TO CRUSHING INJURY 

Johx Y Thompson, M D , and Edvvix R Evtov, MD 

IXDI VN APOLJS IXD 

T HE purpose of this pnpei is to report a case of rupture of the lntnthoneic 
trachea comphcated bv a\ulsion of the light upper lobe bronchus with sue 
cessful repair and to leeoid a case of complete severance of the left main 
bionehus sntisfactonlv anastomosed two months attei injurv with restoration 
of pulmonan function 

REVIFVV OF THF LITFR VTl RF 

A ratliei extensive rev lew of the liteiaturc has failed to leveal a similar 
case of ruptuie of the liitntlioraeic tiaehca due to a crushing mpin of the 
thorax which has been satisfaetonh lepaned The ease repoited bv Kliclimskn 1 
mav have been similai but the paper was not available foi icview Haulier and 
Cohen" suceessfulh lepaired a laeeiation of the mti ithoiacic tnehen due to a 
penctiating mjun, bv the use of a full-tlnekncss skin graft Ilemv 3 reported a 
ease of tiauniatie partial mptuie ot the lowoi trachea which was discovered two 
weeks aftei mum when granulations obstriuted the ainvav Tlic patient was 
treated bv broncboscopic icmoval of the obstnieting tissue 

Zencli * in 1*122 was aide to collect 33 cases of mptuu of the cervical sub 
cutaneous trachea Nine of these wue trcitcd bv tiaeheotonn but none bv open 
ropnii Smte then oilier cases have been reported m the literature " Scott 
described a complete lateration of the trachea and esophairus m the etivicil 
legion which was lepaned bv an end to end anastomosis with tine silk Dvsnt s” 
patient had a severed trachea near the larvnx V tracheotonn w is done and 
the airvv iv was established bv anastomosis over a tube Naeli ind Rotlnnan 
rei>orted 7 cases in on It of which there was a lacerated cervical trachea Ml 
of these were repaired bv direct suture \. tracluotoniv ilso was performed on 
two of the patients An avulsion ot the cervical tinrlica w is bridged bv a 
plastic tube through which a trocheostomv tube w is inserted bv 1 ongmin 1 
Manel and Dinmvall 13 were able to suture a lacerated cervical trachea and 
cst lblisli the airwav Kniclit" treated a stenosis resulting from trauma ot the 
conical trachea bv ewi-ion oi the s C ir uni replacement bv a skill crait with 
the aid of nil mtr it radical mold Fox'- reccntlv mentioned the successful r< 
pur ot an injure to the upper ccmcal troche a and lamix Danehtrv " satis 
taetorih rep ured two such injuries oi the subcut meous tra< In i 

Kinsella and Tohnsrud 1 ' in I'M 7 were able to find 37 easts of tiiumitu 
rupture ot the bronchi m the lit* rature None oi these were surmeallv repair d 
Oulv one third ot the-c pitieiits appar.ntlv sunned although no <h tails win 
available as to sul*soi|in nt compile ilmns It )s interestin', to note tbit at least 
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hvo patients ox tms gimp »«e able to hxc oxet thtrtv reals These authors 
reported an additional case which was obsened with an atelectatic lun e a 
one ease m which a pneumonectomy was performed two years after the injury 
Pnest 16 desenbed a case in which a thin membrane that was located in the 
bronchial tree, which resulted from injun, was opened thiougli the broncho¬ 
scope to allow aeration of the lung A similar case was noted in Kinsella s 
renew Anderson 10 obsened a patient with an atelectatic lung seien jears 
after injury, but no surgerv w as carried out m this ease Santi, Bouchet, and 
Fraisse’ 0 reported a case of traumatic injure of the bronchus as did Gknannnu - 1 
Holinger, Zoss, and Johnston 50 noted a complete occlusion of the bronchus two 
mouths aftei injury m a case in wluch theie was no operative pioceduie These 
authors also described two other patients with rupture of a bronchus A pneu¬ 
monectomy was performed upon one fiie weeks aftei injuiv and m the othei, 
three i ears aftei injury Hodes, Johnson, and Atkins 23 pertoimed a pneumonec¬ 
tomy file months aftei a complete separation of the bionchus Kirkpatrick 24 
performed a pneumoneetoinv for a completely divided light bronchus inime- 
diatelv after injun 

Scanned 2 " was able to repair the lacerated membianous portion of a light 
main bronchus with fine interrupted silk sutuies Two eases of lupture and 
two of occluded bionchi weie described b\ Paulson 21- and Shaw 2 ' m which 
tliej utilized bronclioplastie procedures and the dermal gi aft Daughtry 10 was 
able to repair a lupture acioss the right main bronchus extending into the 
tiaehea, but the patient was tiouliled with gianulatious forming at the sutuie 
line as has been noted by other authors Samson 25 and his associate lecentlx 
described the case of a young man with a historv of injurv fifteen veais pnoi 
to surgical reconstiuctiou of the bronchus which resulted in an aerated lung 

Griffith 5 '’ repaired a complctelv seieied left mam bionchus seven months 
after injury with an end-to end anastomosis surrounded by a muscle graft 
JVeisel and Jake- 0 anastomosed a severed right mam bronchus direetly to the 
trachea forty-six days after injurv 

Experimental work on the lepair of the tracheobionchial tree has been 
cimcd out by scyeral ini estimators Grmdlax and Clagett with tlieir col¬ 
ic igues 1 25 demonstrated the technical difficulties encountered and the tendency 
to stenosis in using polyethylene tubing to bridge large defects Craig, Holmes, 
md Slinbirt 3 - likewise encountered stenosis m the use of a long pohihene pros¬ 
thesis Buchei, Burnett, and Rosamond 3 * utilized stainless steel mesh with some 
success m tcmeal tracheal defects but yvith poor results in the lntrathoracic 
hot Daniel- repaired tracheal defects m animals with metal oi glass tubes 
im demonstrated the difficulty of expectorating thiougli prostheses and of mam- 
nmum them m place Fascial grafts coycied with surrounding connectue 
tissue m h,s hands resulted in stenosis TafTcK pointed out the yaluc of fascial 
cr ifts to <oytr windows m the tracheobionchial tiee Jackson and Tuttle with 
lur eo leagues -« stated that trosh homologous tracheal transplants yvere of 
Uth yaluc where is short prescry ed homologous grafts yvere good and acted as 
lir"Vcs lor „ S x„« pw.b I„ ,h ( ,r OM,cr,c Me Ion; 8 » (ls colled ,„d 
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pioduced stenosis They further pointed out that ciuslnng of the bronchi caused 
poor healing of the anastomosis Then best icsults were obtained fiom direct 
anastomosis aftei section of the biouehial tubes Gelfoam vas foimd by them 
to be a good budge for small windows in the airwajs as yas noted by Hanlon 39 
Manangom 40 found experimentally that homotransplants of lyophihzed tracheal 
tissue were leplaced m time with connective tissue which pioduced a satisfac 
toiy bridge foi onlj short defects Feiguson, Wild, and Wangensteen 41 had poor 
expeiimental results with grafts but had good icsults with lesection and end to 
end anastomoses, particulailj wlieie the mucosa y\ as accmateh appioximated 
Daniel and associates 42 also had good success fiom dnect anastomosis of the 
airways and found that icsults weie equally good with the use of homologous or 
autogenous giafts to lepan wmdows in the tiacheobionclnal tiee Danes, Ed 
miston, and McCoikle 43 foimd tliat, in animals, pieserved homologous giafts pro 
duced a good lepan of small windows and when utilized over aerylie tubes m 
laige defects, but complete stenosis lcsulted fiom tlie use of these giafts alone m 
the leplaccment of laige defects of the tiachea Cartel and Stnedei 44 bate made 
an experimental study on the lesection of the tiachea and bioncln Gebauei 45 ’ 46 
has adequately shown the lalue of wne-rcmfoiecd dermal giafts for the lepan 
of smallei defects and in the enlaigement of stenosed aieas in the tracheobron¬ 
chial tree 

These methods and techniques hate been applied clinically to repnn 
defects in the major airways following ladical excision foi eaieinoma 01 defects 
produced by the excision of benign neoplasms as veil as foi the surgical 
enlargement of fibrous stenoses of the bionchus 2 ‘ 45 65 Penton and Brantignn 60 
lepaired a large defect in the trachea produced bj the excision of a tumoi by 
the ingenious method of utilizing a pedicled giaft of the thoiacic wall The 
flap consisted of mteicostal muscles, periosteum and pleiua This tissue was 
apparently selected in an effort to pioduce stability of the aiea by bony regen 
ei ation 

CASE REPORTS 

Case 1—The patient was n white man, 34 jears of age, whoso right thorax was crushed 
by a heavy concrete tile The patient suffered from pnin and dyspnea and expectorated 
bright blood Cyanosis, tympany, absent breath sounds, subcutaneous emphysema, and bonv 
crepitation were noted over the right thorax There was a history of n previous gnstroen 
torostomy Roentgenologic examination disclosed a hjdropneumothornx and multiple frac 
tures of the upper five nbs on the right The patient was given supportne therapy, and nn 
intercostal catheter was inserted m the right pleural cavity for decompression purposes 
Considerable rebef was obtained bv these measures Early the next morning there was a 
rapid deterioration of the patient’s condition Severe hemoptysis and increasing dyspnea 
rapidly occurred A continuous stream of air issued from the intercostal tube A niarhed 
increase of the pneumothorax with displacement of the mediastinum was noted despite the 
decompression (Fig 2) A ruptured major nirwnv was considered to be present 

A thoracotomy was immediately performed upon the right thorax Pnor to indue 
tion of anesthesia the blood pressure roso from 110/70 to 210/d0 nun. Hg Compression of 
the gas bag caused large quantities of gas to issue from the intercostal catheter which had 
been left m place as a safety factor until the thorax was opened, when air gushed from the 
incision A large quantity of blood was evacuated from the pleural cavity Tho right upper 
lobe bronchus was completely avuKd from the trachea and the lobe was so damaged bv 
multiple lacerations that a lobectomy was performed Oxygenation was maintained bv 
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catbetenzing the left bronchus with a long intratracheal tube The tracheal stump of the 
bronchus was carefulh trimmed of injured tissue and sutured with interrupted 00 silk An 
extensive longitudinal rapture of the nght tracheal wall was present at the juncture of 
the membranous and cartilaginous portions extending upward for about S cm from a point 
15 cm above the bifurcation of the trachea and was not connected to the site of bronclunl 
injury (Fig 1, A) The superior end of the defect also extended transversely and anteriorly 
across a fractured cartilage for about 15 cm The azigos vein was divided and ligated 
The edges of the torn tracheal walls wcTe trammed of dentalued tissue and the edges in 
eluding the mucora were carefully approximated with interrupted sutures of 00 silk. A flap 
of pleura was attached over the suture line with 00 catgut The endotracheal tube was then 
retracted into the trachea from the left bronchus Positive pressure was applied which 
demonstrated that the repnir was airtight The remaining lobes expanded to fill the henu 
thorax. A laceration of the superior division of the lower lobe was sutured with 00 catgut 
Intrapleural protrusions of the fractured nbs which had lacerated the lung were rongenred 
away and the fractures were immobilized by sutures placed in the adjacent intercostal tissues 
Three large catheters were inserted into the pleural cavity through stab wounds for deeom 
pre=sion and the incision was closed The patient’s condition improved rapidly through the 
operative procedure 
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The patient returned to his occupation and his condition was observed for a a car after hi' 
injury Traeheoscopic examinations were made at intervals of approximate]! three months, 
and there has been no evidence of stenosis 

This case is, theiefoie, that of a ciuslung mjiin to the chest lesuitmg 
in ruptuie of the intiathoiacic tiachea winch was successful!} repaiied with no 
development of stenosis An additional complication of avulsion of the right 
upper lobe bronchus with seteie lacerations of the lobe reqnned lobectomv 

Case 2—The patient was a wlute man, 5S years of age, who was pinned beneath an 
oierturned tractor He was in a semicomatose condition and a state of shock for which 



Flp 2—Rofntpenofirani illustrating the tension pneumothorax w Ith mediastinal displacement 

despite decompression 
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supportive therapv was administered A left pneumothorax was decompressed bv intercostal 
tube drainage Tracbeotomv was performed to maintain potency of the airway because o 
the presence of cerebral injuries, pulmonarv edema and paradoxical motion of the thoracic 
wall dne to multiple fractures of the nb, Eight hemiplegia and decubitus ulcers developed 
The patient remained stuporous and semicomntose for a number of davs Xeurosurgieal 
consultation was had with Drs E A-ernou Hahn and Paul Morrell An electrocardiogram 
disclosed evidence of an old posterior coronarv occlusion An atelectatic left lung obliterated 
the space m the left pleural cavitv bv the third dav, and a bronehoseopic examination re 
vealed an obstruction of the left bronchus bv lacerated bronchial tissues (Fig 4) The 

nutrition was maintained through a Levine tube and bv parenteral a dmin i s tration for the 
first week Approximatelv a month after injurv a bronchosi-opv was again performed, which 
disclosed that the left mam bronchus was obstructed bv n membranous pulsatile mass of 
tissue The diagnosis was that of a ruptured bronchus with resultant atelectasis of the left 
lung 
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tured by tbe injury A large quantity of thick tenacious seromucoid material was thoroughly 
aspirated from the distal stump and lung A careful end to end anastomosis with good ap 
proximation of tho mucosa was earned out with interrupted sutures of 00 silk, and a small 
piece of Gelfoam was used to surround the site of the anastomosis for reinforcement. The 
atelectatic lung became aerated readily after this procedure The thoracic wall was closed 
following the insertion of two intercostal tubes into the pleural canty for decompression. 



Fig 6—Postoperative roentgenogram demonstrating the full} reaerated left lung after anas 
tomosls of the severed main bronchus 

The postoperative course was marked br complete expansion of the lung Secretions 
were aspirated through the tracheostomv tube which had been previously placed and was not 
removed until two weeks after the operation Antibiotic therapy was maintained and the poor 
state of nutrition was improved by appropriate measures A bronchoseopic examination, 
performed three weeks after the thoracotomv, revealed a widelv patent left mam bronchus 
with no tendenev to stenosis or evidence of granulation tissue at tho suture line The 
patient was then discharged from the hospital 

Tho patient was subjected to bronchoseopic examination at intervals of three months 
for one vear and no evidence of stenosis appeared at any time Bronchograms disclosed no 
signs of bronchiectasis (Fig 5) The lung continued to function well but ft rt'idual 
hemiplegia Ins prevented the patient from resuming Ins previous occupation ns a farmer 

The second case is thus that of a complete]! sexeied left main bronchus 
with interposition of the pulmonan artcrx successfully repaired bv end-to end 
anastomosis two months aftei crushing mjurx with lestoration of pulmonan 
function uncomplicated bx stenosis oi bronchiectasis 
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discussion 

Ruptuie of the major mtiathoracic airmans, espcuallv ot the tiaeliea fiom 
cruslnn" injuries of the thorax must he exceedmglv rare as evidenced bi the 
paueiti^of reports in the literature Undoubtcdlv, theie mil he an increase in 
this tvpe of injun with modem high-speed transportation The mechanism o 
rupture must he related to a shearing force with a sudden increase in the nitra- 
thoraeic pressure or to a sudden increase in the lntratiacheal pressure with the 
glottis tighth closed On the other hand mptme of the eeivieal subcutaneous 
trachea was repotted m 53 cases pmi to 1922 and seieral additional eases hate 
been reported since that date The subcutaneous tiacbea also is more exposed 
to duect injure and the uiiuiv should he moie teadilv diagnosed Direct 
attempts to repair the tiaeliea, lioweier, were reported m onlv one-sixtli of these 
eases 

Onh 37 cases of luptured bronchi were reported hr 1947, and none of 
these were subjected to surgical intervention, with the lesult that two thuds 
of these patients died An occasional patient lived a number of rears with an 
atelectatic lung apparentlc due to spontaneous healing at the site of injure The 
others probable suffered numerous suppuratiee complications Twentv addi¬ 
tional eases of mpture of the bionehus haee been reviewed which evere leported 
since 1947 Fiec of these eveie submitted to pneumoneetome and nine to plastic 
repair of the mjvucd area In one case a tlun membrane formed at the site of 
lnpire and eontinuite of the airwai was restoied hi bionehoscopic means 


If actual defects m the tiacheohronchial tiee should he created hi mjuri 
fnsual and dermal giafts appear to offer satisfaetom means of replacing the 
smaller ones Dermal giafts, lioweiei, seem to ofter the best means at present 
for the repair of these small defects and for hionchoplastic procedures on stenosed 
major airwais Well-fitting autogenous and preserved homologous tracheobron¬ 
chial giafts apparentli mac he utilized foi the lepair of small areas as thes 
act as bridges tor tissue replacement These grafts, however seem to be less 
practical for general usage Yauous piostheses haie not been too successful, 
particularh when utilized to budge laige defects because of then tendenei to 
migration, interference with drainage, collapse and stenosis Fascial giafts 
reinforced with tantalum or steel mesh prohablv haie lalue foi the replace¬ 
ment of largo tracheobronchial defects 


lhmt anastomosis and suture repair of the detects wheie feasible and the 
me ot pedaled (Dps offer the best means of lcconstimtmg the tiaeheobroncliial 
tree at present 5 lablc, smooth well approximating edges are essential to pn- 
man union and the pretention of granulations Conning at the suture line Main¬ 
tenance of an adequate nirwai to the functioning respiratori area hi mtub.ition 
is essential during the operntne proceduic A trncheostomv oi an mhing endo¬ 
tracheal tube during the earli postoperatnc period is of ialne m the preven¬ 
tion ot increased mtrabronehial or intratracheal piessure with tension on the 
mi urc luu and m the remonng of secretions An intratraelieal tube mai be 
maintained in phee In the me of Pontoeaine sprai to preicnt irritation 
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the time of injun and the patient sunnes, fibious memhianes cotei the seieied 
ends of the airaais The stumps, theiefoie, must be amputated and the seio- 
mucoid fluid tiapped m the lung must be aspnated The successful leconstiuc 
tiou of the tiacheobionchial tiec following ciuslung mjiuy, as noted m the re 
cent liteiatuie and as lllustiated in the two cases just lepoited, leaves little 
place foi pulmonary icsection unless there is nieeoveiable pulmonaiv damage 
The diagnosis of a luptuied majoi mtrathoiacic anv\av mar be based on 
the piesence of a tension pneumothoiax with mcieasing dvspnea despite appar 
enth adequate deeompiession and the almost continuous flow of air fiom the 
intei costal tube The cntical condition of the patient usually demands emerg 
ency repair to maintain oxv gen at ion and leheve mediastinal compiession Spon 
taneous closuie of a defect as noted pieviouslv may occui fiom occlusion In the 
adjacent tissues In this instance opeiative mten ention is indicated as soon as 
the patients condition peimits in an effoit to lestoie pulmonary function and 
prevent suppmation of the lung in the iutuie Atelectasis occmnng aftei tho 
laeie injun, paitieulaih with a lnston of pneumothoiax 01 hemoptysis and 
bionchoscopic endenee of occlusion suggests the diagnosis in tins encunistance 
The plastic leeonstruction of pieviouslv seveied 01 occluded bionclual tubes 
appaicnth mav be earned out saveial months to seieial vears following an old 
mpm with lestoiation of pulmonary fmiction 

SUM HI ART 

The peituieut mfoimatiou eontamed m the liteiatuie has been levievved 
and discussed A case of successful lepan of a mptuied mtiathoiacic tiachcn 
complicated by an ayulsed lobai bionchus and a case of satisfacton delayed 
iepan ot a seyeied main bionchus lesulting in a functioning lung followmg 
enishing injuiy to the thoiax liaye been descubed in some detail The appaient 
lantv of these mjuiies the diagnosis, management and salient points in the 
loconstiuetion of the tiacheobionchial tree liaye been discussed in the papei 
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OIL GRAXDLOMA AXD LIPOID PXEUM.OXLTIS A 
COMPLICATION OF OLEOTHORAX 
Report of Sevex Csses 

Robert? McBcrxey, 1LD * Memphis.. Texx Robert M Jampus, M.D , 

P \lo Alto Cujf axd Gustxf Hedberg, MD ** Xopeauxg, ilror 

T HE use of mineral oil or paraffin as a method of plombage in the cliest 
eavitr has largelv faUen into disnse in this countrv, although it has not been 
entire? discarded and it is stdl rather widely nsed in several foreign countries 
Adams' onh reeentlv reported on the nse of paraffin m over 200 cases, and 
stated that in none vras there evidence of migration of the substance Cutler' 
continues to use oil as a plomb m extrapleural pneumothorax and states that he 
has encountered no trouble wath it Gaensler and Stneder 3 have recently nsed 
oil as plombage m a iew selected cases and have observed no ill eftects 

In contrast to these favorable reports however, a smrvev of the literature 
will reveal that a number of eases have been reported in which oil granuloma 
formation or oil pneumonia has occurred Matson,' one of the earlier proponents 
of the use of oil reported the formation of paraffinomata in 12 per cent of 50 
cases in which oil in the form of Gomenol was used for collapse Browning 
Rav and Rotenberg* reported in 1946 on the late investigation of 101 cases 
which thev had stndied six vears earlier Of the 15 patients which thev had 
considered snccesstnl eight had de\ eloped bronchopleural fistula and ox these 
eight five had died Oil aspiration presumable was a contributorr factor 
The\ found that after six vears of oleothorax there was no case in which 
re expansion oi the lung occurred when the oil was withdrawn. 

Of especial interest are those eases in which mediastinal oil granuloma 
has occurred with esophageal compression Me have been able to find eight 
such eases reported in the literature r 10 

Bullantvne Clagett and McDonald K in addition to reporting a case of 
esophageal obstruction due to oil granuloma also reported a case of oil 
uranuloma in the chest vail and breast and another in which granuloma 
formation around the brachial plexus produced severe brachial plexus neuritis 
Thr\ quote Lmeratoc-s as having reported eases with migration of oil into the 
i host v all and breast and to the opposite thorax 

Xagel" has also reported a ease with contralateral migration and granuloma 
formation in the pleura and pericardium 


n \TERI \L 


There^haac boon 76 eases at Xopemmg Sanatorium in which mineral 
oil in the lorm oi Gonunol has been used as a plombage method either intra- 
plenral or extrapleural In addition there haae been two eases treated hv 

rr—lrrd p-Wli-itlon. 'hv ;s in;, 

■c-mU-i eain'i- Vrrrpv.r T^rn. 

•'O'Jical 1P1 S.w-fWrnW. S-uwtorfmn Nop-nlnF Alina. 
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extrapleural plombage with paiaffin In seten cases complications hate 
developed which weie dnectly due to the presence of oil or paiaffin and the 
granulomatous reaction which these agents produce In addition to these 
seven cases, there were many others in which oil proved to be an ineffective 
therapeutic agent, and in a consideiable numbei of cases complications due 
to tuberculosis oecuned However, of primary interest are those seven in 
which the oil per se caused the tiouble 

CASE REPORTS 

Case 1 —P V, a 68 year old former iron miner, was admitted to Nopemmg Sanatorium 
Aug 19, 1940, until bilateral, far advanced tuberculosis and cavitation m the right upper lobe 
A nght artificial pneumothorax was started on Aug 30, 1940, but was unsuccessful be 
cause of the development of tuberculous empyema Repeated thoracenteses were done on the 
right but became progressively difficult, and multiple subcutaneous abscesses developed 

On May 25, 1941, the pneumothorax was converted to an oleothorax, which resulted m 
some improvement However, in March, 1942, two pleuroeutaneous fistulas developed, from 
which oozed oily pus These fistulas persisted m spite of many types of treatment 

In August, 1942, the patient had a cerebrovascular accident with a Tesultant hemiplegia, 
and his condition steadily declined until Oct 16, 1942, at which time he died 
Permission for autopsy was refused 

Case 2—L M, a 22 jear old male laborer, was first admitted in October, 1933, with 
moderately advanced pulmonary tuberculosis, bilateral, and with cavitation in the left lung 
Anorectal tuberculosis was also present at tins time 

In March, 1934, a fistula in ano was unroofed, and m July, 1936, a right pneumothorax 
was begun, followed by a left pneumothorax in September, 1936 These measures were in 
effective and were abandoned. A right extrapleural pneumonolysis was done m March, 1942, 
and the resultant pocket was converted to an oleothorax. The same procedures were earned 
out on the left in March, 1944, resulting m marked improvement, and the patient left the 
sanntonum against advice in May, 1945 

In September, 1946, he was readmitted with a tuberculous empyema on the right side 
which was treated by aspirations A subcutaneous oil abscess developed at the site of the 
aspirations This was very difficult to treat. In order to obliterate this area, it ultimately 
became necessary to do a five nb thoracoplasty Caseous necrotic matenal was found at the 
site of the abscess in the area of the interspaces After thoracoplasty the patient improved 
and was discharged in 1948 To date he has remained well and is working 

CASE 3—M S, a 61 j ear old Polish housewife, was admitted to Nopeming Sanatorium, 
April 4, 1940, with far advanced bilateral pulmonary tuberculosis and cavitation in the right 
upper lung She also had diabetes mollitus 

A nght pneumothorax was begun in September, 1940, and was earned until December, 
1941, when it was abandoned and oleothorax was substituted This procedure was not 
effcctivo m converting the patient’s sputum but was carried for the next ten a cars 

In August, 1950, she began to expectorate oil, and immediately thereafter a now mottled 
tvpo of infiltration showed up in the left lower lobe The patient died three weeks later 

Autopsy revealed bilateral, active, pulmonary tuberculosis with a large, right sided 
canty and a bronchopleural fistula An empvcinn and oleothorax were encountered on the 
right, and an extensivo pneumonitis was found in the left lung 

Case 4—R R, a 35 year old housewife, was admitted to Hopemrag m February, 1939, 
with moderatelv advanced, bilateral pulmonary tuberculosis and cavitation 

Pneumothorax was begun on the right within a few dais after admission, and »b orth 
thereafter an intrapleural pncumonolvsis was done on that side A left pneumothorax was 
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licgun m April, 1039, followed by a left intrapleural pnoumonohsis Because of obliterative 
pleuntis the nglit pneumothorax was converted to an oleothorax on Aug 23, 1913 

In August, 194.6, a massive spread of disease n\ the Tight lung was apparent A 
pneumoperitoneum was begun, but in November, 1946, the patient began expectorating oil, 
and a bronchopleural fistula became evident The remainder of the oil was aspirated from the 
pleural space, but the patient went into acute nght heart failure and died Unfortunately, 
autopsv pcrrm^ion could not be obtained 

C\se 5 —q c, a 23jearold white girl, was admitted to Nopemmg Sanatorium m 
December, 193S, with bilateral, moderately advanced pulmonary tuberculosis and bilateral 
cavitation A left pneumothorax wa« begun m March, 1939, and shorth thereafter a left 
latrapleural pncumonolvsis was done Left pleural effusion wlucli was treated with aspiration 
folloued, n feu months later it became an empiema Oleothorax was substituted for the 
pneumothorax in November, 1941, and the patient was dismissed in 1942 
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Fig 2—Case 6 A, Oil pneumonitis showing spaces filled with oil and granulomatous 
reaction In the surrounding tissue. B, Oil pneumonitis showing an extensi\e exudate and 
numerous globules of oil filling the al\eoII The^e stained bright orange with Sudan TV fat 
stain. 
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W on a leave of al-enve from tl,e ranatormm in August 1W the Patent developed 
a sudden coughing spell and coughed up profuse amounts of oil and became qmte dvspneic 
and cvnuoiw He was readmitted to the sanatorium as an emergencv but died a few dav¬ 
iator 

Autopsv revealed chrome, bilateral pulmonarv tuberculosis with multiple cavities A 
contnbutorv cause of death was bpoid pneumonia throughout both lungs (Fig 2) The 
diagnosis wa- proved Irr appropriate fat-taming methods 

q 7 _v,l G., a 25 vear old ‘ingle woman, was first admitted to Fopemmg Sanatorium 

\ug 5, 10.34 with moderatelv advanced, bilateral pnlmonarv tuberculosis There was multiple 
cavitation on the right with a fibrocaseous appeanng legion on the left Several attempts 
to lx?«na a pneumothorax tvere unsuccessful 

On Vpnl 22 1 Q 35, a right phrenic crush was done Improvement was noted throughout 
the nevt two veap=, hut m 1037 reactivation occurred Because of this a left pneumothorax 
wa« begun V left mtrapleural pneumonolvsis was done on Jan 17, 193S a Tight extrapleural 
pncumonolv=n- was done in March 103S, and a paraffin pack was inserted into the right extra 
pleural spare the following Tunc 

The patient convnle-ced well and returned to work, but m August, 1 Q 41 she suddenlv 
ivp’Tienced pain in the right upper chest and neik, and ‘hurt 1 v thereafter a mass m the 
upper anterior che-t wall was detected Tins increased in size foT a dav and then became 
-t itionatv 

On examination i hard mas' 3 to I cm m its greatest dimension was palpable in the 
second anterior int* i-pacc in the right midclamcnlar line At tins time it was decided that 
•*urc tv should not l>e done but several months later when the mass had increased in size and 
tin n was mor. m irked tenderness in addition to its being obvious that the muscles and breast 
wen being infiltrated it wa« felt that removal of the pack was indicated 

On Fob 14 1 Q 42 the anticipated «nrgerv was liegun bat onlv the extruded portion of 
p indin was n moved However recurrence of the mass and xvmptoms necessitated reopera 
!mn m ^eptcmlhr 1 Q 42 with removal of the entire pack at that time 

Tl patiuit was last vvn in 1 Q 4V> but prior to that time die had progressed well 


DISCCSSION 


Uthoitah there is no doubt that plombage of the lung with pulmonarv 
tulmruiloMs is of occasional value in recent rears methods have been developed 
"huh relegate stub therapv to use in onlv a tew well-selected eases It seems 
thvretore that the use ot mineinl oil or paraffin in the chest should be 
ihandnnul except tor the rare ease—as indeed it has been bv most pnmarih 
loiauao there are more effective wavs ot treating the majontv of cases of 
pultnonirv tubcmdosis In the s e i ond place the ever present danger of com¬ 
pile itmns due to the toreigii bodv reaction which the agent itselt will often 
produ.. ic .i nirthrr argument m lavor ot the ahuidonment ot the use ot 
initn r d ml and paraffin 


In our seven < ac (s complications took the form ol pkurocutaneous fistula 
.hex wall g-anuloma formation and oil pneumonitis due to aspiration follow¬ 
ing l.rom hop], urd fistula formation the meidenee of such complications hem- 
approMimtdv in per vent " 


Then seuiic to 
' mild h iv t ih. rt il o 
oi miner il oil iu the 


>< no i v ult m e tint ihemotherapv or better technique 
r " ill m ih< inturi alter the situnhon regarding the use 
treatment oi tuberculosis except to outmode it further 



27G 


THE JOURNAL OP THORACIC SURGER1 


CONCLUSIONS 

1 Mineral oil and paiafiSn, ulien mtiodnced into the human tissues, act 
as foieign agents This is time in the ease of oleothoiax, but the exact incidence 
of gianuloma foimation in such eases is unknown In our experience the 
incidence is about 10 per cent 

2 Chemothempy and neuei suigieal techniques make the use of mineral 
oil and paiafiSn m the tieatinent of tubeiculosis a laie necessity 

3 Not onh does the development of gianuloma along with nugiation 
lestnct the use of mineial oil, but as a foim of tieatment pei se, m comparison 
with othei methods of tieatment of pulmonaiy tubeiculosis, it is not of gi eat 
i alue 
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EXPERIENCES WITH THE CYTOLOGIC EXAMINATION OF 
BRONCHIAL SWABBINGS IN THE DIAGNOSIS OF CANCER 

OF THE LUNG 

A Study of 602 Cases 

Law hence J McCormack, M D , John B Hazard, M D , 

Don \ld B Effler, M D , L yorence EL Groves, M D , and Doris Beloyich, B S 

Cleveland, Ohio 

A CCURATE diagnosis of pulmonaiv cancel at the piesent tune requires 
the combined effoits of the internist, the radiologist, the smgeon, and 
the pathologist The greatest responsibility will always rest wuth the clinician 
who first studies the patient, suspicion of lung cancel and initiation of propel 
stud\ are mandat on befoie anv diagnostic team can function Originally, the 
pathologist was limited to micioscopic examination of small bits of tissue re¬ 
turned In bronchoscopic biopss 01 expeetoiated bv the patient The 
pathologist s lole m the diagnosis of carcinoma now is enhanced by the 
application of cvtologic techniques, the significance of this method of tissue 
stiuh is attested to In its widespread acceptance The identification of 
cancer cells is a s aluahlc aid to piompt diagnosis 

We ha\c been mtciested m an uncomplicated technique that is well 
adapted to the cvtologie studv of fluids ill geneial and that can he applied 
easils to the pioblem of diagnosis of caicmonia of the lung 

A method lias been dcsised In one of us (I B H ) to studv cells obtained 
In diicet swabbing of the bronchial oiifiecs at the time of diagnostic bronclios- 
<op\ Examination of these simple wet stained suspensions appioximates the 
usults of nunc complex procedmes The comentional methods that emplov 
1 ipulls fixed and stained films fiom sputa m bionchial washings can be 
i Muting and time consuming AYe hare found that piompt examination of 
the wot st mud suspensions obtained In dnect bionchial swahhmg is an 
accmatc uul economicil lmtliod of cell studs Reccntls Icnmngs and Sbaw- 
ri pmud sue h a wet film method used m stmlsnng sputum, the mteiested 
leader i in find ilset ,i suinmus of most of the studies of bronchial CYtolo^s 
to el ito 

It is the purpose of tins presentation to desenbe the details of the method 
end to rehte the experiences with its use m the sluels of material obtained 
irom MG p bunts , uh of whom was subjected to a single di ignostie bronchos 


1 r m tU 
1 tU< n an I Th 
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MATERIAL AND METHODS 

Technique — 

Preparation of staining fluid The staining fluid used is similar to that 
previously employed for study of spinal fluid sediments’ and is made m the 
following manner 

(National Aniline) 


1 Toluidine blue (histologic) 1 Gm 

Ethyl alcohol, 95% 20 c c 

Distilled water 80 c c 

Glacial acetic acid Ice 


Mortar the dry stain with the alcohol and slowly add the water Transfer 
the resulting solution to a glass, stoppered bottle and add the acid 

2 Mix 10 c c of the toluidine blue solution (1) with 10 c c of human blood 
serum 

3 Centrifuge to remove the sediment The supernatant fluid is decanted and 
comprises the staining fluid It is kept in the refrigerator when not m use 

Pioceduie at bionchoscopy A technician, specially trained in cytologic 
techniques, attends every diagnostic bronchoscopy A single tray has been 
devised (D B ) which is biought to the endoscopic loom and contains the 
basic material necessaiy foi preparation of specimens (Pig 1) 



Maternal is obtained tluough the bionchoscopc In nspuation, bj direct 
swabbing, or by biopsy Occasionallj washings aie made and the aspinted 
fluid is transferred to vessels and sealed foi centrifugation and study of the 
sediment Small pledgets 0 attached to long appbeators aie used for swabbing 

•Jackson sponge (Pilling Co ) 


/ 


V 
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the suspicious a.ea witlim the tiachea 01 bronchus These pledgets, fiist 
moist cm d m saline, aie mbhcd over the aiua selected and aie then passed 

dnectlv to the technician for immediate prepaiation 

Sepaiate specimens are smeaied and an dried toi baetenologic stu y 


Preparation of suspension of bioncliial swabbings 

1 Place a large drop of staining fluid on a clean glass slide 

2 Bemoie the sponge from the bronchial sponge stick bv grasping it tightly 
a fen millimeters from the free margin with small forceps or snap (This 
serves to isolate the surface coiered with bronchial secxetion from the nn 
important vet absorbent portion of the sponge ) 

3 Prepare the suspension b\ triturating the free mnTgin of the sponge in a 
drop of staining fluid on a glass slide 

4 \pph a cover glass 

i It is customan to prepare the material remaining on the sponge for exannna 
tion hi smearing it on a glass slide, fixing it immediately in acetic acid 
alcohol ( f >5 per cent ethil alcohol containing 3 per cent glacial acetic acid) 
and subsequently staining it b\ Papanicolaou’s method 4 This fixing agent 
has proved stable after repeated usage and does not evaporate as does the 
i ommonli used ether alcohol solution It is filtered before reuse The 
rapidli fixed films arc prepared last, the small amount of plnsma absorbed 
h\ the sponge serves as an adhesive for remaining cells 


Lsuallv two net smears and two of the rapidly fixed tvpe aie prepared 
ns described The slides are then scieened m the usual mannei, utilizing the 
fresh puparations for immediate diagnosis If no tumor cells aie noted in 
the wet prepaiation the fixed slides also aie scieened In no case has the 
stained fixed film been positive and u et film negativ e 

The method, at first glance, would seem to lack provision of material 
for later ro\ lew However, it is a simple mattei to separate the coverslip 
from the slide and drop both into acetic acid alcohol fixative The resulting 
fixed films subsequent!! can he stained as desired The plasma-suspending 
medium senes as an excellent adhesive and the cells can be readilv found 
ifter the slide and co\ eislip has e been again mounted 

Histologic findings The cvtologic components of bronchial swabbmgs are 
similar to those seen m aspnations of bionchi All tvpes of bronchial epi¬ 
thelial colls are seen and readilv identified (Fig 2) Hncrophages of varying 
stages of development aie usuallv present the histiocvtes are sometimes 
difficult to interpret as is the case with other cvtologic techniques The othm 
tvpes of mfinmniatorv cells are seen m vamng numbers Lvmphocvtes m 
groups are m particular importance ns thev occasional can he confused with 
he cells of small celled carcinoma The chromatin patterns and an niegu- 
Hruv of nmkar rims in the latter aie valuable aids m differentiation 

ihe <vtolog,e details that idcntifv neoplastic elements m the wet suspen- 

hlmsTr. t> Sa T n ,h0S ° that f ninctenze these cells in the rapidlv fixed 
fi n d u 1) In the major. tv of cases tumor cells occur m clumps a helpful 

mm for i omp .ring aberrations in cell and nuclear size Cellular hvper 
lophv done is not considered diagnostic unless coupled with other findings 
use dump m<hide mere,se<l unclear ectoplasmic mtio amsocvlosis an-u 
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pio m ment feature of neoplastic cells studied by this wet method, although 
n regular chiomatm condensation is otten appaient Mitotic figmes occa 
sionally occui, but neiei aie a piomment featuie A small celled neoplasm 
can be difficult to diagnose, as onty a few of the previously mentioned features 
may occui narneb, a tendency to exfoliate cells m gioups, chiomatm con 
densation, and nucleai angulation These featuies seive to differentiate them 
fiom gioups of lymphocytes and basal cells 




) 



}■ ic 2—Clump ot normal bronchial epithelial cells possessing all stages of maturation (Serum 

toluldine blue stain X 100 ) 



Fig- 3 —Neoplastic cells shed b> a carcinoma of the bronchus Note the hjpertrophy of 
all elements nuclear lrregularltj and prominent nucleoli A suggesUon of pearl formation Is 
present (Serum-toluldlne blue stain X400 ) 



MC COBMACK ET IL 


CYTOLOGIC EXnUMATlOS OF BHONCH.AL SAY YBB.LCS 281 


WVJ VjV»» - g 

the mdmdual neoplasms u uc i ‘ eosmophilia of the tumor cells 
e\uletices of “peail ’ foliations 01 a he red-to-oiange colors 

suggest the diagnosis of squamous ce ca c Vacno i at ed cells aie seen 

of the Papanicolaou technique aie not apparen 

m some cases of adenocarcinoma necessaiv To 

A geneial naming concerning this method o of 

us, the changes assoc,..rf m.hgnaoc, »,c 

picparation as compaied until lapidh fixed eninvnlent cells m 

normal epithelial flora and histiocytes, aie huger than the q 
fixed Jems eg young maciophages aie laigei than those seen m me 
the tiansition Lon, 4. »h of sme»,s B,a,ned by 
the Papanicolaou technique to this net method tons le m 
nxoul an eironeous diagnosis of caicmoma 

RESULTS 

Betueen eaih 1930 and Sept 1, 193*1 the Inonchml suabbmgs from 602 
pit,cuts ueie examined at the Olmeland Clime Of this gmnp 200 had 
chmcalh definite caicmoma of the lung Diagnoses ueie histological!! 
substantiated m TO pel cent (198 cases) of the 200 cases eithei by hionehia 
Inops,, smgical explointion, or hmpli node biopsy the remainder (4- 
cases) ueie accepted chmcalh as hopeless eases of caicmoma of the lung 
The otologic findings uere positne foi neoplasm m 4i per cent of the 200 
uises, ami there ueie no false positne lepoits dm mg this period Howes el, 
ue do not beheie that this figuie icpiesents the highest accuracy of the 
UK (hod In eompauson with this peicentage of the entne senes there uas 
a 98 pei cent endeuce of positne results m the piesence of neoplasm m the 
100 most recent cases (1992 and 1933) 

r» contrast to the ctologic results Inonchml Inops, uas positne m onh 
if, pei cent of the total group and uas constant thmiglumt the senes Table 
I gnes a comparison and summni, of the lesults that can he obtained In 
utili/mg the crtologic technique dcsciibed as an adjunct to hionclioscopy, 
llu latter essential), consisting of a single examination m each case 


1 mu T Oompmusos or Broxcnosconc Biois, \nd Citoixkiic Bicoxosn of Cckcixoma 

of tiif In xn 1200 Cxsfs) 



XI UBFr 01 C\SF_S( 

3Ftl TENT 

l \ telogc jhisium 

Ol 

47 

C'lologv onH positive 

Vj 

2S 

Bionclnnt loops' positive 

,2 

20 

Bronctmil loops' onl\ po«i,i\ l 

J4 

1 

Holh 

ts 

19 


In addition to the Casts diignoxed ns positne the mdeteimmate diagnosis 
m tin prexineo of suspicious cells uas made m 2, of the G02 cases Such n 
dt ignosis is of some importance he cause IS of the 2 5 cases ueie subsequentl, 
diagnosed as bronchogenic earn noun The remaining 3 patients snffeied 
trom some form of nnnneopl istie chronic pnlmonnrv disease 
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COMMENT 

It is appaient that infoimation of definite value can be obtained In a 
simple method employed at the time of a single bionchoscopv In this senes 
no false positive diagnoses Aveie made The absolute lehabilitj of a positne 
diagnosis is essential to the snigeon in those cases noth the combination of a 
positne CAdology, an indeteiminate loentgenogiam and climealh negntne 
bionehoscopic findings 

Expenence has led to an incieased aecuiacv of the method and the 
residts non appioach those lepoited foi the more difficult method of exanun 
mg multiple sputa 5 The method, hoiveiei, still lacks the sensitmtA repoited 
by Cleif and Heibut 1 m studying bronchial aspnation In oidei to impioie 
the sensitmtx fiuthei, we belieie multiple bronchoscopies would be necessan 
Since the ma\imum effectneness with a single specimen has been leached 
Unfortunately, absolute accmaei is still not possible wnth any bionehoscopic 
and cytologic method, the lesponsilnlity foi making the final evaluation of the 
ease with negatne cidologic findings lests with the clinician in chaige of a 
patient 


SUMMARY 

A simplified method ot cvtologie examination emploung wet, fiesh films 
piepaied and studied as such fiom bionelual swabbings is desenbed The 
method is of no additional mcomenience to the patient and peimits the 
pathologist to fix'the piepaiation peimanently foi later 01 lenew examination 
Six bundled and two patients weie so studied 

Of these, 200 w r eie legaidecl ehnicallj as haiing pnmaiy carcinoma of 
the lung, among these 158 (79 per cent) w r eie histologically pioved The 
cytologic examination was positne m 93 (47 pei cent) of this senes of 200 
An additional one thud of the cases can be diagnosed positneh pnoi to 
suigical internention as compaied with the lesults of bionehoscopic biopsi 
alone 

With a combination of bionehoscopic biopsi and cytologic study in the 
mannei desenbed, two thuds of the cases can be diagnosed positneh, as 
evidenced In oui lesults in studying the last 400 patients 

No false positne diagnoses were eneounteied in this series 
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THE MIDDLE LOBE SYNDROME AND ITS RELATIONSHIP TO 
CERTAIN ASPECTS OF MIDDLE LOBE DISEASE 

Richard H Adler, Captain, MC, USA, Frank E Mantz, Jr , Lieutenant 
Colonel, MC, USA, and Paul F Ware, Captain, MC, USA 
Denver, Colo 


TX 1948 the term middle lobe syndrome was introduced bv Graham, Buifoid 
I and Macer, 1 to categorize a condition lesulting from compression of the 
middle lobe bronchus bv enlarged peribronchial lvmph nodes ivith secondary 
changes in the distal paienchvma It is now recognized clinically to be of 
rather frequent occuirence, and the teim has gained wide usage The exact 
definition of the middle lobe syndrome and the interpretation of its lelation- 
ship to certain conditions affecting the middle lobe appear to be somewhat 
ambiguous In order to ensure propei management a full understanding of 
this condition and ceitain primal y diseases of the middle lobe simulating it is 
essential 

The particular mlnei ability of the light middle lobe bronchus aa as first 
described In Brock- ‘ on the anatomic basis of its length and narrowness, its 
acute angle of origin fiom the bronchus intermedins, and its close relationship 
to lvmph nodes that dram the right loi\er lobe as well as the middle lobe and 
other lobes He noted the frequency with which the enlarged hilai nodes of 
the primary tubeiculous complex compiessed and eioded the lelatnelv soft 
middle lobe bronchus m infants and children This concept of etiological 
association with tuberculosis soon became established and persists today In 
194G Zdanskv- called attention to a nontubei culous etiology of the condition 
b\ presenting evidence of nonspecific lymphadenitis obstructing the middle 
lobe bronchus Two years later, Graham, Burford, and Mayer 1 described 
twehe cases of middle lobe bronchial compression by lymphadenopathy not 
caused b\ tuberculosis References to the svndrome 610 appeared with in¬ 
creased frequencA follow mg that report 

In our recent experiences with the condition treated surgically at FTtz- 
simons Arnn Hospital, we hive encountered three cases caused by histoplas¬ 
mosis and one In sarcoidosis Such unusual etiology stimulated a perusal of 
literature pertaining to the middle lobe syndrome After renewing all cases 
m this hospital treated In middle lobeetomv from 1946 to 1953, we were struck 
In the difficult \ of defining an absolute classification of the smulrorae so as to 
uicnmpass the mam a arnbles encountered in each mdmdunl Indeed, the 
complete picture can often he understood onh when all of the varying factors 
are brought into proper perspcctiAe bv the clinician surgeon and pathologist 
The presenting sMnptoniatologA mnv he alike in most cases comementlv 
Mownig classification as a separate syndrome whereas in truth the underlv- 
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mg pathologic agents affecting the middle lobe may he of consideiable drra- 
sity In fact, m the final analysis of the entiie pictme it may become apparent 
that a case oiiginally diagnosed as middle lobe syndiome does not completely 
satisfy the classical cuteiia of bionchostenosis with penhilar lymphadenopathy 
demanded by stnct definition and is, in leahty, a type of middle lobe disease 
that closely resembles the syndiome Five cases selected fiom this series are 
piesented to illustrate ceitain featuies encountered m patients with the middle 
lobe syndrome and ceitain 1 elated diseases of the middle lobe 



Fig 1—Case 1 Lateral bronchogram showing contracted middle lobe with cj Ilndrlcai and 
saccular bronchiectasis but no bronchostenosis 

CASE REPORTS 

Case 1—A 19 tear old white man was admitted to this hospital with a history of 
chronic productne cough, frequent colds, and occasional right lower auterolnteral pleuritic 
pain as long ns he could remember He had had severe right sided pneumonia when 5 years 
old and again when 13 years old A chest x rat shortly preceding this admission showed 
right middle lobe pneumonitis On admission he was raising one half cup of greenish 
\cllow mucopurulent sputum dnih Similar material was seen coming from the right 
middle lobe onhee broncho-mopicnlh Numerous smears and cultures were negatne for 
Iticobnctenn A broncliogram demonstrated saccular bronchiectasis with crowding of the 
distal middle lobe bronchi (Fig 1) All other bronchi appeared normal On Jan 18, 1919, 
thoracotomy revealed normal right upper and nght lower lobes, but there were \erv den°e 
adhesions and scnrnng about the right middle lobe hilus wutli bronchial thickening No 
peribronchial lvmphadenopntln was noted Eecoierv, following nght middlo lobectomv, 
was uneventful 
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ratholo'tu ixim,nation —The lobe was moderatelv redded m volume No patemlmal 
defect, were apparent gro-U although thickened dilated hronehi were palpable The 
middle lobe bronchus had been tran-eeted at its eanna and gross mural thickening was 
evident at the ongin of the medial and lateral segmental bronchi. No Ivmph nodes were 
n-en. 1 ut mitro-copi. sc time disclosed residuals of lvmphoid tis-ues closelv appbed to 
the major bronchial walls at them rejection margins which, presumablv, were contiguous 
with lvmphoid tissue adherent to the proximal stump These showed evidence of scarring 
and reaotne hvperpla-na consistent with chronic nonspecific inflammation There was 
marked tubular and saccular bronchiectasis of classical vanetv particnlarlr of the lateral 
segment The lumma measured as much as 20 em in circumference Abundant evidence 
of active acute and chronic nonspecific bronchitis was obtained, one focus of mucosal 
ulceration was found deep within a branch of the middle segmental bronchus Numerous 
foci of chronic bronchiolitis interstitial pneumonia and seamng were scattered through 
out the pulmonan parenohvma. Cultures were negative for Mieobaetenn and pvogenie 
organisms 

Comment—This case represents an example of bronchiectasis of the middle lobe that 
is frequentlv referred to as the middle lobe svndrome Certainlv most of tbe clinical 
feature' are sugge-tive of the "mdrome but without bronchostenosis and peribronchial 
hmphadcnopathi such a diagnosis t*. untenable m the stnet sense It conld be postulated 
that the changes exhibited are onb the Tesult of moults from the childhood pneumonia 
However, it also could be argued that the past pneumonic episodes resulted in acute pen 
bronchial 1\ mphndenitis Thi' perhaps with the edema of local bronchitis, produced 
temponrv bronchostenosis and was predisposed to stasis secondarv bronchitis and 
bronchiolitis within the lobe Chrome interstitial pneumonitis became estabhsbed which, 
with scarring contributed to the perpetuation of the bronchiectasis The latter predis 
posed to recurrent bronchial infection long after the local hilar bronchial disease had sub¬ 
sided thus a vicious cicle was initiated The peribronchial lvmphoid tissue seen on 
micro copic section could represent the re'iduals of the prevaou«lv involved Ivmph nodes 
Despite the attractiveness of this hvpothetical pathogenesis the available information 
moev'itates a diagnosis of bronchiectasis of the middle lobe rather than a true middle lobe 
on Ironic 


fbsr 2 — V To vear old white woman entered the hospital with a four to six month 
bistnrv of a hacking cough productive of one teaspoon of vellow sputum dailv heavv aeh 
over lower right anterior che't and a lb-pound weight lo-s associated with 
anorexia and increased fatigabiltv The past historv wa< not contnbutorv A poorlv 
circum-cril ed right hilar ma~s could lie s ee n on x rav in association with an atelectatic 
right mid lie lobe dig 2i Bepcatcd bronchoscopies revealed an indefinite mass m the 

right middle lola bronchus Btop-tes were reported as chronic bronchitis and squamous 
c 11 m t ipl'i'ia. but nev, r dofimtelv as neoplasm, \tvpical cells were noted on Papanicolaou 
mi-ar K< p-ated c ulture- of sputum and bronchial washings were negative for tuberculosis 
-ini fun.i V tul erculin skin tc-t was negative Extensive antibiotic treatment had no 
’ > xploratorv thoracotomv was performed Dec S 3052 with a preoperative diag 


n< is of } r ii ali e carcinoma of tb, middle lobe Tbe middle lobe was found to be con 
" 1 ■' nl < leathers m consisted Siseral enlarged calcified Ivmph nodes were 
ir, . nt in th. right hilum and cspeeialtv marked around the middle lobe bronchus No 
/ 11 n <I CO " " ,1< ‘ I nn ' ,ra ted, and a middle lobeetomv was performed For technical 


on ms tl< nain mil IK lob, bronchus 


technical 

. , . divided distal to the deuselv adherent collar 

irg, . I, n .ronclnal nob * The patient was discharged improved after : 
in. nntful ( > top, ram, cour«i 


an esseutmttv 
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formlj dilated m tubular fashion and filled with thick, mucopurulent exudate Extreme 
chronic nonspecific mflammaton reaction un olved the bronchial mucosa, and there was 
marked transverse fibrous ridging The parenchyma was diffusely atelectatic and had 
undergone considerable interstitial fibrosis There was extensile bronchiolitis with active 
organizing interstitial pneumonia m the surrounding parenchyma Cultures for pyogenic, 
neid fast, and mvcotic organisms remained sterile 



A B 

Fig 2 —Case 2 A and B Roentgenograms of atelectatic middle lobe bsote classical picture 

on lateral projection 


Comment —This case emphasizes the necessity for providing the pathologist with ade 
quate material if etiological diagnosis is to be obtained The surgeon elected to divide 
the middle lobe bronchus distal to the density adherent collar of nodes and did not remoie 
a node for examination The finding of calcifications m the middle lobe hilar lymph nodes 
is strong presumptive evidence that a granulomatous disease existed, but whether this rep 
resents tuberculosis, histoplasmosis, coccidiomycosis or a more esoteric infection probably 
will never be known The case, however, illustrates the extent to which the middle lobe 
is susceptible to extrinsic lymph node disease and the degTee of secreton retention which 
may result from incomplete obstruction The absence of sacculation suggests that the 
obstructive process was not of protracted duration and supports the possibility that active 
residual inflammatory disease persisted in the hilar lymph nodes The extrinsic atelectasis 
must be ascribed to the retained secretions rather than directly to the partially stenosed 
stem bronchus The short history in a patient of this age group in association with the 
other findings strongly suggests bronchogenic neoplasm In all such cases, the question of 
malignancy finally must be settled bv surgical exploration 

Case 3 —A 4 year old white girl was admitted to the hospital m November, 1951 A 
twin brother had died of tuberculous meningitis in May, 1951 The patient’s chest x rav 
at that time was interpreted as showing right middle lobe atelectasis, probably nontuber 
culous Since gastric washings were negative, the child remained at home on bed rest 
The appearance of the chest was unchanged bv x ray over the next five months A repent 
gnstnc washing was reported tuberculosis positive on guinea pig inoculation in October, 
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lOol Streptonucin, 0 5 Gm eterv three days, and para aminosalicylic acid (PAS), 5 Gm 
,ln,h were started ' The child was alert and active, but wheezing and occasional cough 
were'noted The chest was flattened antenorlv on the right with diminished bTeath sounds 
Admission chest x rats showed hilar adenopathy, most marked on the right, with atelectasis 
ot the right middle lobe (Fig 3, A) Bepeated bronchoscopies were performed between 
>~oi ember, 1951, and June, 1953 Harked distortion of the nght bronchial tree with nor 
rowing was noted Initially, penetrating caseous lymph nodes were removed bronchoscopi 
calh to enlarge the lumen of the nght main bronchus The endobronchial changes slowly 
improved, but some irreversible damage persisted. Subsequentlv, a bronchogram revealed 
good filling of all segments with bronchiectasis of the nght middle lobe and antenor seg 
ment of the nght upper lobe The hilar adenopathv had subsided bv x ray pnor to surgery 
(Fig 3 f B) On June 10, 1953, the nght middle lobe and antenor segment of the nght 
upper lobe were resected Both were atelectatic and fibrotic Dissection of the atelectatic 
fibrotic diseased parenchyma was difficult because of the extensive penbroncliial scamng 
Howeier, a careful search failed to re\eal definite hilar adenopathv An S mm primary 
complex was identified in the nght lower lobe The postoperative course was uneventful 
Streptomycin and PA 1 ^ were continued throughout the hospitalization for a total of nine 
teen months 
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Comment —The hilar lvmphadenopathv associated with pnmarj tuberculosis not un 
commonly causes bronchial distortion and compression In infants and children, in par 
ticular, caseous lymph nodes may progressively erode the bronchial frail to such an extent 
that endoscopic remoial is necessary to maintain an adequate airwai Such a situation 
was present in this child It was of interest to note thnt after nineteen months of con 
tinuous sterptomt cm and para aminosalicylic acid, no evidence of the caseous hilar ade 
nopathy was noted on gross inspection at thoracotomv In fact, to the pathologist recoiling 
the resected pulmonan tissue, there were no absolute grounds upon which to base a diag 
nosis of tuberculosis The subpleural focus identified bj the surgeon in the nght lower 
lobe, presumabh the parenchtmal component of the pnmnrj complex, might hare served 
this purpose had it been remoted for histologic examination In the same way Ivmphoid 
residuals occasionally ha\o been demonstrated in such matted penhalar substance The 
clinical information arailnblc, not erthcless, suggests tuberculosis as the probable etiological 
agent This caso illustrates the nonspecific destructno changes that maj remain when the 
original disease that initiated the hilar Ivmphndcnopathy is no longer npparont Less 
seiere cases that would ha\e escaped surgical attention at this earh stage may present 
themselves in later years as the middle lobe si ndrome or nonspecific middle lobo wflammn 
tor^ disease It is not uncommon to see residual destruction in other lobes, such ns was 
demonstrated in the anterior segment of the right upper lobe in this case 



p|, 4_Case t A RoentnenoKram with richt hilar adenopathy due to sarcoidosis B Broncho 

pram showing stenosis of right middle lobe bronchus secondary to J> mplmdenopathy 


Casf 4 — V 20 tear old white soldier was admitted to this hospital with a six fear 
bistort of repented colds and upper re»pirnton infections and a chronic cough productno 
at times of white and tellow sputum He was hospitalized twico during the pretious one 
and one half tears because of pneumonia on the right side Recently the cough had be 
come moro productne, and blood tinged sputum had been noted Bronchitis was thought 
to be the undcrlting enuse of his respirator! complaints 
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On. admission he <lid not appear acntelv ill or dvspneic Xo cervical nodes were noted, 
l,ut the spleen could be palpated two fingerbreadths beneath the costal margin. Skm tests 
for tuberculosis, coceidioidomvcosis, and histoplasmosis were negative, all other laboratorv 
tests were noncontnbutorv Chest a: rav and flnoroscopv revealed increased prominence 
of the right hilutn and a widened mediastinum (Fig 4, -4) The tracheobronchial tree ap 
peared normal on bronchoscopv Bronchograms showed stenosis of the nght middle lobe 
bronchus, a repeat broachogram confirmed this obstruction m the nght middle lobe bronchus 
tFig 4, B) Palpation of the nght lung at exploratorv thoracotomv demonstrated fine 
diffu-e infiltrations throughout, with manv small nodules in the nght middle lobe LaTge 
boggv lvmph nodes were present tn the mediastinum The extreme lvmphadenopathv sur 
rounding and compressing the nght middle lobe bronchus made removal of this lobe tech 
nicallv difficult The postoperative course following nght middle lobectomv and medias 
tinal lvuiph node biop-v was uneventful 

Pathologic Examination —The lobe was of neaTlv normal size It appeared well 
m rated except for an area of atelectasis withm the lateral segment adjacent to the hilus 
Numerous smooth 1 mm waxv nodules were palpable and visible within the antenor por 
tion The pleura appeared smooth and unmflamed The lateral segmental bronchus and 
its immediate branches were steno«ed bv dense fibrous tissue throughout which were scat 
tered numerous noncaseating naked tubercles consistent with sarcoid lesions The remain 
ing bronchi showed minimal tubular dilations and little or no inflammation other than 
scattered mucosal saeroid lesions The gross parenchvmal nodnles were identical histologi 
call', containing numerous granulomas in perivascular and peribronchial pattern Dense 
hands of fibrous ti««ue interconnected the lesions The intern emng alveolar parenchvma 
ib closed patch' atelectasis and emphv*enia The several hilar lvmph nodes which were 
received separately were enlarged to 11 om but were relative!' discrete and likewise 
contained numerous nonca'eating tubercles Asteroid and ^ehaumann bodies were en 
countered rnreh nithtn the Langhan- giant cells which populated the granulomas in large 
nurither- Direct smear- appropriate!' stained sections, and cultures failed to disclose the 
prt s ence of tubercle bacilli fungi or pvogemc organisms A diagnosis of pulmonarv and 
Kmph node sarcoido-is tva< made without reservation 

Comment —Thi« oa-e i- the first, to our knowledge in winch sarcoidosis has been 
i ttologiralh significant in the production of the middle lobe «vndrome Focal intralobar 
ntelcctasi i- mentioned bnefiv b\ Longcope and Freiman” in their monumental discussion 
of thi- di-ease but no mention i- made of compre--ion of a major bronchus This well mav 
b* dut to the lack of peril'mphadeniti- and the relative absence of matting of lvmph nodes 
cnn-iderid chaneienstic In thi- in-tance the ob-tmction is considered mild and probablv 
inn rmittent as ti fleeted In the relatnel' insignificant parenchvmal alterations That it 
"as elimcall' important howe'er is reflected h' the recurrent pneumonitis "With the 
• xcfj.ttnn of the well develop'd -earring the pulmonarv change- are considered to be 
r 'i r-ildi 
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A collar of densely adherent lymph nodes presented about the main middle lobe bronchus 
To divide this bronchus, it was necessary to transect an adherent grossli granulomatous 
node ivedged in the junction with the bronchus mtermedius The postoperative course 
following middle lobectomy was unei entful 

Pathologic Examination —The middle lobe was moderately shrunken The pleural 
surface was roughened bj numerous fibrous adhesions presumably reflecting the numerous 
attacks of pneumonitis The middle lobe bronchus had been sei ered 5 mm proximal to its 
primary canna, and adherent to the medial aspect of the stump were three small lymph 
nodes matted together into a single mass They contained numerous discrete yellow 
granulomas from which caseous material could be expressed Histologic study revealed 
these lesions to be of tuberculoid variety, surrounded by dense fibrous tissue Epithelioid 
cells, plasma cells, lymphocj tes, and Langhans giant cells were noted at their penpherv, 
and their centers were composed of amorphous caseous debns Moderate fibrosis of the 
surrounding parenchyma had occurred Smears, cultures, and tissue sections were negatne 
for tubercle bacilli, but sections stained by the periodic acid Schiff method contained small 
clusters of minute spheroidal organisms with a central punctum of chromatin and a thm 
capsule which were morphologically identical to Histoplnsrna capsu latum (Pig 6) These 
appeared somewhat distorted, swollen, and sometimes calcified, suggesting nonliability 
Cultures failed to yield fungi 



•l B 

p,p 5 _Case 5 A and B Roentgenograms showing nonspecific middle lobe pneumonitis second 

ar> to histoplasmosis Ivmphadenopathj 


The lvmph nodes, although not significantly adherent to it, produced usible compres 
sion of the medial segmental bronchus the branches of which exhibited a moderate degree 
of tubular and saccular bronchiectasis and chronic nonspecific inflammation Minimal 
chronic inflammatory and bronchiectntic changes were present in the lateral segment 
Tho pulnionnn parenchmin, particularly of the medial segment, was the site of mild patch' 
bronchiolitis and chronic nonspecific interstitial pneumonitis, n few of which were palpable 
Como of thc'C contained an nhcolar exudate including cholesterol type macrophages con 
sistent with obstruct!' e etiologi 
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Comment —Tins case emphasizes the xalue of careful examination of obstructing 
hxnph nodes in determining etiologs and illustrates the neees-iti for more complete stuHr 
of lesions bearing morphologic identits with tuberculosis, but in winch acid fast organisms 
cannot ho found In two similar instances, histoplasma hmphademtis and middle lobe 
disease, pnthogeneticnlls related to the middle lobe si ndrome, ha\e been seen bv us In 
one, a calcified node bad ulcerated into the main middle lobe bronchus and presented to 
thp surgeon as a bronehohth when the bronchus nns transected In the other, extension of 
the infection lmd occurred in the region of the middle lobe lulus resulting m a broad focus 
of granulomatous pneumonia It is felt that Sistoplasma capsulaium is not generally np 
precinted ns a cause of htlnr Is mphadenopnths capable of bronchial obstruction 
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a pictuie If acute bionclntis occuis secondaiy to the lymphadenitis, inflam 
mat 01 y edema may fuithei nanow the mechanically compiessed middle lobe 
bionehus If the infection is seieie with peubionehial inflammation, pei 
manent scamng and fibiosis of the peiibionclual stinctuies may lesult This 
point is u ell demonstiated m Case 1 Seieie peubionehial inflammation of 
this degiee usually also miolies the bionchial ivall to such au extent that a 
pooily functioning oi nauoned bionehus lesults, thus juepaung the i\ay for 
futuie infections The acute caseous tubeiculous nodes seen in childhood 
sometimes erode and penetiate the bionchial nail, lesultmg ultimately m 
changes in calibei m the bionehus as seen m Case 3 The moie cluomc cal 
cified type of node seen in histoplasmosis as i\ ell as tubeiculosis may also eiode 
the ivall, lesultmg in bleeding, fuithei infection, oi tine bioncholiths 

The nature of the pathologic changes m the distal bionchi and paienchjnia 
depend upon such faetois as the natuie and duiation of the obstmction and 
the presence oi absence of secondaiy mfection in the obstiucted distal lung 
If infection does not supenene, an atelectatic middle lobe may be an inci 
dental finding on suivei chest x-iai As indicated above, the moie common 
couise is that of lepeated bouts of infection leading to peisistent Ijmphade 
nopathi, furthei bionchial eompiession, and inci eased obstmction lesultmg m 
a tiuly vicious pathologic and clinical cycle Each lepeated episode can onh 
lesult in incieasinglv seieie damage to paienchyma and bionehus, mth ill 
timately the findings of gioss bionchiectasis, chionic pneumonitis, fibiosis, 
and eien lung abscess, bionchopleuial fistula, and empyema 

The clinical diagnosis of middle lobe syndiome often means little m it 
self and can only lull the clinician into a false sense of security unless he is 
auaie of the numeious etiological agents that may opeiate The patient may 
piesent mth cough, sputum, hemoptysis, and lecumng pneumonitis, the 
classical symptoms of middle lobe sy ndi ome, but the etiological agents re 
sponsible foi the middle lobe abnormalities found clinically aie vanable A1 
thougli the pathogenetic mechanisms that pioduce the symdiome are fanly 
unifoim, an undeistandmg of the etiological agents is necessary in oidei to 
manage the case properly In children, tubeiculous hilai adenopathy is often 
lesponsible MacPheison 12 lately has described a senes of caiefully studied 
cases of lung collapse associated mth pumaiy tubeiculous lesions Although 
caicinoma of the middle lobe is geneialb consideied to be uncommon, Baldiv” 
has lecently repoited a senes of cases The possibility of an underlying 
neoplasm simulating the complex must aluays be consideied in the oldci age 
group, and exhaustne studies max still leave the diagnosis in doubt necessitat 
nig exploiatoiy thoiacotomi This is demonstrated in Case 2 

Valle 14 has recenth lcported an unusual instance of middle lobe 
collapse due to hilai adenopathi i elated to inflammatoix icaction second 
an to louei esophageal tiaumn Wohl, Israel, and Frobese 1 -' liaie desciibed a 
patient mth middle lobe syndrome that may haie been due to histoplasmosis 
The diagnosis i\as suggested by a positue skin test but unfortunately could 
not be confirmed hi additional eatefnl studies Oui thiee cases of histo 
plasmosis i\ere established hi caieful seaich of tissue sections stained by the 
periodic acid-Scliiff method aftei routine staining failed to demonstrate the 
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presence of organisms Puckett ,r has emphasized the usefulness of this pioee- 
dure in demonstrating the tissue phase of histoplasma Exhaustive search for 
a fungus etiologa when the surgeon provides adequate material undoubtedly 
allows specific diagnosis m manv instances prenouslv diagnosed as middle lobe 
sa lidrome due to granuloma of undetermined etiologv 

The middle lobe svndiome comes to mind when the clinician is confronted 
with a storv of repeated respnatorv infections in the middle lobe aiea produc¬ 
ts e cough, and hemoptasis A careful historv and thorough laboratory 
studies including skin tests and cvtologv, mav uncover the underlvmg etiol- 
oov The chest \-raa mav a arv with the underlvmg pathology from the char¬ 
acteristic appearance of a completelv atelectatic middle lobe to that of acute 
pneumonitis The right lateial protection mav demonstrate changes easilv 
missed on the anteroposterior film The presence of hilar lvmphadenopathy, 
especiallv with calcification, should be carefullv noted Bronchoscopy not 
onla helps to eaaluate stenosis and the origin of secietions or blood, but also 
pei nuts a cheek foi neoplasm foreign bodv perforating lvmph nodes, and 
hroncholiths A bronehograni often shows obstruction, m the mam or seg¬ 
mental middle lobe bronchus bea ond the vision of the bronchoscopist 

The thoracic suigcon sees numerous cases diagnosed middle lobe svndrome 
that icquire thmncotoma to estahbsh a definite etiological agent He is also 
fulla cocnizant of the manv technical difficulties and potential hnzaids that 
mas he associated with middle lobectoma in the piesenee of localized lvmph- 
adenopathv penlnhr mteilohar fibrosis, and mflammatorv reaction The 
asiniptomatic mdmdual found to hare a collapsed middle lobe br v-rav oc- 
taMonalh might be treated expectanth bv a phvsican comeisant mth all 
ispccts of the svndrome ^mularlv the need for surgical relief of svmptoms 
in the nonspecific cases mna be tempered accorclmglv bv such factors as age, 
opeiatne risk and the nature and sea enta of samiptoms In geneial however, 
the treatment of this sandrome is essentialh surgical and onlv rarelv, when 
a hemen etiologa is established and the lesion proa eel to be stable, can the 
phasician aftord to temponze ba caiefnl obseiaation 


Hefause the term middle lobe sandrome is now well established and in 
' ule ucam it becomes necewira to define aecuiatela its meaning and to un¬ 
derstand < nmpleteia its relationship to certain diseases of the middle lobe 
tint closeU simulate it Onh in this aaaa can existing ambiguita and con¬ 
tusion hr dispelled and the proper management of patients s 0 diagnosed he 
isstircd (irminalh the sandrome was defined to denote enlarged peri- 
nremelunl Umph nodes compress, n «r the middle lobe lironchns anth certain 
, ‘” u,s t1l( P i rent In m,a Without these limitations, imposed ba 

« ' notion the sandrome impeleeptil.Ja memos aaith a large number of other 
< omhtions ifie.t,in: tin middle lobe The,Core it is our contention that a 
- imuosis of middle lobe sandrome should not be m „le unless the folloavmg 

; Vm r* V" I,,,t " at,sf, ' ,onh (n } » l1 * ™ poi.hroneluallamphadenop 

Ithv (. ■ hromhostcnosis md t rt the aai nhle ehaimos !n the dist-,1 „ , 
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Lymphadenopathy may hate been demonstiated dunng the acute phase 
by x-ray 01 bronchoscopy and yet not be appai ent at a somewhat later stage 
on gross 01 micioscopic examination In the same way, In onchoscopy and/oi 
bronchogiaphy may have shown middle lobe In onchostenosis that piotes to 
be reversible when the acute phase of pneumonitis, lymphadenitis, and bronchi 
tis subsides In these somewhat boiderlme examples of the syndrome, one 
can appreciate the need foi a complete valuation of all data -without -which the 
condition could be variably mteipieted bj r internist, sui geon, and pathologist 
These alteiations initiated bj' penbionchial lymphadenopathy may imolve 
othei lobes and segments independently 01 coneuirently with the middle lobe 
The middle lobe, of course, is most commonly imohed, but when, in addition, 
several segments 01 lobes aie affected, we believe the condition no longer fits 
the tiue definition of middle lobe syndiome 

As previously mentioned, the teim middle lobe syndiome has become 
established by usage and mil piobably peisist Rathei than belabor the need 
for this questionable sepaiate designation, we feel that the pioblem can be met 
best by accurately defining the syndiome and eonectly mterpietmg it and its 
relation to ceitain other middle lobe conditions In this way the term Mill 
take on a more definite meaning and foim a moie conciete basis upon which 
to establish definitive tieatment 


SUMMAR1 

The term middle lobe syndiome is defined and its lelationship to certain 
diseases of the middle lobe that may simulate it discussed The vide use of 
the term demands a clarification of the existing ambiguity of definition and 
inteipretation so as to ensuie piopei management of the individual so ding 
nosed The syndiome must meet the following cnteiia in reference to the 
middle lobe (1) hilai 01 penbionchial lymphadenopathy, (2) bionchostenosis, 
and (3) ceitain changes m the distal pnienchyma discussed m the body of the 
papei The final intei pi etation is often possible only aftei the complete 
clinical, suigical, and pathologic data aie leviewed 

Special stiess is laid upon the diveisified etiology that may he piesentm 
contrast to a moie constant s>mptomntology The concept so stiongly held 
m the past, of commonly associating the syndiome with tubeiculosis must be 
abandoned Selected case icpoits of middle lobe syndiome and closely i elated 
middle lobe disease are included to form a basis for discussion of certain as 
pects of the pioblem Among these aie examples due to snicoidosis, Jnsto 
plasmosis tubeiculosis, and nonspecific etiology 
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LEIOMYOMA OF THE ESOPHAGUS 

Luigi Piacentini, MD 
Bologna, Italy 

T HE first report of an esophageal tumor piesmned to originate fiom muscle 
was made by Monro in (1797), 50 howevei, lie failed to furnish histologic 
evidence thereof Such was also the case in the similar reports of Bell in 1816/ 
Lippich in 1838, Meyer 1882, 83 and Kraus m 1902 

In 1863, Virchow 83 first recorded the anatomopathological ehaiactenstics of 
a leiomyoma of the esophagus Numerous othei case repoits followed, but were 
almost all post-mortem findings 

In 1932, Bezza 6 reported five personal cases and reviewed thirty-nme from 
the liteiature He concluded that esophageal myomas were veiy rare and of 
little practical importance 

In the last twenty years there has been a progressive increase in the reeog 
nition of these tumors In this period the reports were, for the most part, made 
not bv anatomopathologists, but by surgeons Olisawa, 61 Brock," Harrington 
and Moersch, 38 Calmenson and Clagett, 13 Schafei and Kittle, 74 Kenworthy and 
Welch, 42 Harrington, 30 Placitelli, 66 Hurwitz, 40 Manzocehi/ 2 Lortat-Jacob, 45 47 Chi 
and Adams, 16 Cornell and co-workers, 1 " Darnel and Williams, 21 Dugan and 
Meagher, 23 Kossello,' 1 Stojanovic and Jehjievic, Goldman and blasters, 82 GarlocK 
and Stegmaier, 30 and Chalnot and co-workeis 16 

The lepoits m the literature on leiomyoma of the esophagus can be divided 
into three penods an eailv one, fiom Monro (1797), 50 to Anitschkow (1911)/ 
which includes findings of a principally moiphologic charactei, a second penod 
up to Bezza (1932), 6 when iniestigations y\ere chiefly directed to histogenesis, 
and a thud oi contempoiaiy penod since Ohsaua’s first opeiation (1933), 61 
during which surgeons have treated the pioblem from a diagnostic and thera¬ 
peutic point of view 

Frequency —It seems probable that the fiequency of these tumors is not 
so hunted as is generally believed, particulaily smee certain numbers of cases 
escape diagnostic confirmation, owing to their lack of symptoms * 

The geneial incidence of leiomyoma in the alimentary canal, which vas 
established bj Smith in 1937, Golden and Stout m 1941, and Obeihelman and 
co-vorkers in 1952, 00 puts the gieatest number of cases at the level of the 
stomach and the small intestine The lowest percentage is met with, according 
to Smith, at the ley el of the colon, while m the opinion of Golden and Stout, 
and Oberlielman and co workers, it is encountei ed at the ley el of the esophagus 
(Table I) 

From the Surgical Clinic of the Lnl\erslt\ of Bologna, Bologna, Italj (Director Professor 
G G Fomf) 

Recelxed for publication June 21 1*>54 

•In a ^c^ recent publication (J Thoracic Suro 2* I 1954) Richard IT Sweet report* 
on 20 cases of benign tumor* of the esophagus of which 17 were classified as Jelormornn* 
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Table L SumiAEiES or Total Repgeted Cases of LnonroiLi 




TOTAL NO 

1 

LOCATION- 


■wETHo** 

t 

YEAR 1 

CASES 

REPORTED 

{ ESOPHAGUS 

ST 01 L 1 CH 

SMALL 

INTESTINE 

! 

| COLON' 

Smith 

1937 

513 

50 

321 

109 

33 

Golden and Stout 

1011 

975 

51 

629 

197 

9 S 

Oberhetmnn, Condon 
and Guzaurla; 

1051 

1105 

66 

705 

225 

109 


In regard to the relative frequencv ot leiomvoma of the esophagus it has not 
been possible to establish an exact and complete comparison either with dvs- 
phagias in general or with the other benign and malignant neoplastic forms of 
the esophagus Such a comparison has been made bv onlv a lew authors and 
mobt oi the cases m the literature have been reported as isolated instances, with¬ 
out am reference to the absolute or relative frequencv ol the tumors Of 4 000 
patients with dvsphagia 1 mson Moore, and Boromv of the Mavo Clinic, found 
three benign esophageal tumors while Moersch and Harrington reported 15 
among 11 000 cases oi dvsphagia These last two authors survevmg a series 
oi 7 450 autopsies at the Mavo Clime noted 44 benign tumors ol the esophagus 
of which 32 were leiomvomas Chi and Adams have reported a list of all the 
ernes oi benign esophageal tumors published up to 194S winch showed a 50 
per cent greater fiequenci of esophageal mvomas over all other benign neoplasms 

m the same location The figure quoted be Calmenson and Clagett (70 per cent! 
is cion higher 


lbgard.ng the irequenev ot the benign tumors of the esophagus in respect 
to i-irunom Cln and Adams reported that m the Chines ol the Czmereifr ot 
< luoaeo »>nh two benign tumors ol the esophagus were noted as compared with 
-4 . carcinomas in the same location with an incidence therefore of less than 
1 per rent in companion with the mahgnant tumors 

( ' fT ~The sev distribution of the cases in the literature is as follows 
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Fiom these statistics the deduction might be duwn that leiouiAoma of the 
esophagus is more fiequent aftei the age of 40, as is maintained bv some 
authors, 0 13 -who base tlien deductions on analogous statistical, albeit numer 
lealh mfenoi, conclusions 

Such conclusions do not seem to be acceptable y\hen dealing with benign 
tumors of sIoaa deyelopment, yylneli aie foi the most part asymptomatic, at least 
in the caih stages of the disease 

It mac r be added that the eyei inei easing fiecjuencA of the neoplasms noted 
m joung patients, possibly thanks to nnpioAcd diagnostic technique, has diavn 
some authors, Rossello, foi example, to conclude that it is the coung yylio aie 
chiefly^ subject to such afflictions 

Location —The cases m the liteiatuie aie distubuted thus 

Leiomyoma of the uppei third 14 

Leiomyoma of the middle third 23 

Leiomyoma of the loi\ei thud 37 

Foi gastioesophageal leiormomas Manzocehi 33 has conecth adcocatcd sep 
aiate classification, including m such a categon the cardial legion extending 
to the gastric x\ all 

pathogfxetic considerations 

The lustogenetic pioblem of these tumois is continually undci discussion 
but theie aie tinee pnneipal theoiies The most aecicdited of these 3 30 places 
the origin of the tumoi m the esophageal muscle membiane, while Aschoff also 
suggests that it mac onginate tiom the musculaiis mucosa, a theoi a which is, 
howeyei, excluded by Fischer 20 To admit such a contingency, accoidmg to 
Rodino’ di Miglione,™ a demonstiation of continued affinity between the muscle 
tissue o± the esophagus and that of the tumoi is not necessaiy, howc\ci, mdis 
pensable senal sections of the entile mass yyould be The tiansition zone can lie 
\eiy cncumscribed and limited to one deteimined scctoi only 

The second theory, yyliich puts the origin of esophageal leiomyoma m the 
yessel musculature, has been discussed by mam authois, but almost unanimously 
lejected 26 83 Some authoi’s, such as Businco, hold it to be possible, theieby 
attributing a yen laie ongin to the esophageal aiea, especially foi those tumors 
in yyInch yasculanzation appears to be autonomous and yyell oideied Rodino’ 
di Miglione also considers the hypothesis of yasculai ongin lather foiced foi 
such an oigan as the esophagus, m which an abundance of muscle tissue abeady 
exists It might be accepted to explain the use of leiomyomas in oigans m 
which smooth muscle fibers do not normally exist 

The thud theoi y, accoidmg to the yycll-knoyvn ideas of Dm ante and Colin 
lieim, considcis the ongin of esophageal muscle tumors, as ot analogous neo 
formations of othei pans of the alnnentaiy canal, to be m alien ant nodes of 
embiyome muscle tissue Di Falco" 2 accepts this hypothesis on the basis of a 
personal finding of a mediastinal myomatous node, independent of the esophagus 
and adhering to a lamina of tissue stiuetuialh similai to the esophageal wall 
This theoiy yyould not oppose the txyo piecednig ones since the aberrant 
germ can originate fiom yanous layers of the esophageal muscle oi fiom the 
muscle fibers of the vessels 
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PATHOLOGIC AGSATOAIY 

Macroscopic Appearance -This often raues, depending on how and when 
the tumor is diseorered In asymptomatic cases, and m incidental post-mortem 
findings, the tumor, tounded or ovular in shape, has a limited size laiely laigei 
than a hen’s egg 6 18 21 °* 82 In those eases which have been clinically confirmed, 
the neoplasm generally presents a more varied appearance, plunlobular in shape 
like a horseshoe, or a plaque, generalU of larger size ^ ^ 

The tumor is firm in consistence, except m a limited numbei of cases, 
the outer suitace is smooth or lounded A cross section shows, m almost eeeie 
case, grae w lute, mother-of-pearl color Sometimes reddish stnations are visible, 
due to better vascularization, oi daik blown areas of tissue degeneration, or 
hard zones of calcification 3 0 41 

According to whether the point of ongm corresponds to the musculans 
mucosae or is intramucosal, such neoformations can anse m the esophageal 
lumen and remain mtramuial, or develop in the periesophageal aiea 

If it ad\ances toward the esophageal lumen, the tumoi is completely or 
largeh co\ ered In mucosa, In the adventitia if it dei elops toward the outside 
Frequently placed like a capsule, it appeals sunounded to connective tissue, 
which permits discrete mobiliU In other cases, it seems to be part and parcel 
of the esophageal muscle, cliaiactcnzed In a certain immobility, while the 
mucosa and ndientitia remain free and mobile on its surface 

Anitschkow’s opinion, according to which onlj old or vert large tumois 
are eapsuhfoim, is m contiast to the findings of small, slow-giowxng and dis¬ 
tinct 1\ encapsulated Icionnomas of the esophagus, as maintained by Tschlenow, 
Husnuo Rodino’ di Mighone, and Gailick and Stegmaier 

The csopliagcal aiea aboic the tumor mass sometimes piesents dilation 
of the lumen and lnpertropln of the muscle, with appearances similar to the 
widespicad linomatosis ’ dcsenhed hr Lortat-Jacob 00 

Classification —Almost all authors repoit on benign tumors of the esophagus 
without following am classification Some" 30 38 03 distinguish two categories 
tumors originating from the mucosa and submucosa, including fibiomas, ade- 
nom is and fibroadenomas and tumois which arise from the rest of the eso¬ 
phageal wall, called In Gailoch and Stegmaiei cxtiamueosal, the most fiequent 
of whuli are leionnomns 


\ characteristic of the fust, group would he pedunculization m the lumen, 
mid of the second intramural location Tins affirmation, howeier, does not al- 
wn\s lorrcspond to reality owing to the cMstencc of leiomromas possessing a 
long pedu U and arising m the esophagus r 


\s t ir as (Omerns esophageal Icionnomas, it docs not appeal to me that 
in tvhiMu elavsifHation was made in the past m then case 

Roienth llossdlo Ins adrouited the distubution of eases in the litcratnie 
into out oi tin three following groups 

/ Lnnm .foil,ns ,, uh isolated nodes This tape generalh appears as a simrlo 

7 r «-"»»' ■»»».m.„ r^i“ 

it the top oi thi truhinl hifim it ion or at t he e min The smallest ,,, 

"•■l l,n,o l,„ „ at tl,, , ,r.l,, - 1 1,„ 

,v ‘" lliom.li \cn nrch >l-,K ini Mlrs . .. ' ' <,r,n CTI * 
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2 Leiomyomas with multijilc nodes These geneially leach the dimensions 
of an egg, although they aie sometimes laigei tlian a fist Limited to a tiact 
of the esophagus which geneiallj lepiesents the gieatest avis of the mass, the 
tumor appeals as if made of multiple mi omatous nodes crammed one on top of 
the othei, situated equally m the mid thnd 01 lovvei tlurd of the esopliagus The 
dimensions of the single nodes geneially vaiy m size from a hazelnut to an 
almond 

3 Leiomyomatosis oi widespi ead myomatosis In an area of the esophagus, 
vanable in length, hut geneialh fiom 5-12 cm, numerous mi omatous nodules 
are to be found in one or moie of the muscle layers These aie evident aftei 
bisection of the esophageal wall, winch itself slums only a gieatei thinness than 
usual to palpation 

Sometimes tiue nodular foimations do not exist, mere myomatous zones 
being included m the thickness of the muscle that aie recognizable to caieful 
palpation as a gianulai and diffuse thickening of the wall, and visible only 
undei the micioseope (the external appearance of the esophagus is liaidly or 
not at all modified, and can be said to be noimal) To tins last categoiy belong 
Lortat-Jacob’s foui cases in which the opeiation (lesection of a total longitu 
dinal strip of muscle 2 cm wide, extending fiom the aortic aie to the cardia) 
was earned out because of esophageal dj skmesia oi diffuse spasms of the thoiacic 
esophagus 

Such a classification eirs peihaps m excessive foimalism, it piesents, never 
theless, a ceitam pi actical utilitv, since to each of the tlnee gioups theie often 
corresponds a paiticulai cluneal and ladiologic case, and, m consequence, par 
ticular therapeutic methods 

Microscopic Appealance —The chaiactenstic slructuie of these tumois is 
repiesented by little bunches of smooth muscle fibers, which couise along with 
out any ordei, they aie located fiist haphazaidh, then longitudinally, now 
tiansveisely, now obliquelj Yortical placing, chaiactenstic of tumors of an 
analogous stiuctuie m othei oigaus (the uteius, foi example), has not been 
noted in these leiomjomas 

The fibiocellulai nuclei, nan on and long, aie lounded at the ends Ovulai, 
rounded, oi spindlchke shapes, howevei, are not unknown 0 

The piotoplasm mav appeal smootli, homogeneous, or with extiemeh fine 
stnations (Bezza was able m one case to distinguish the myofibrils) 

The connective tissue is sometimes particularly ample We speak in such 
cases of leiomv oma fibiosum oi of fibroleiomvoma, often the little muscle bunches 
have very fine connective fibers peimeating them, and connective elements me 
at times present between the individual muscle cells 3 11 According to Bezza, 0 
a net, which is collagenous in natuie, exists eftectivelv mound each single fiber, 
but a connective tissue would be present between cells only m particulai con¬ 
ditions Abundant elastic fibers aie sometimes attached to some mvomatous 
tumors, especiallv if pedunculated The vasculai element is generally scarce, 
vascular lacunae are often recognizable lather than tiue and propci vessels 
Bezza, m his five cases, found fissuies with an endothelial wall, lacking icd 
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Fig 1 Fie : 

1-Il 1 —C i' 1 Prwi».nCu i«oi>lmciam >U munstratinp displacement to the nclit in 
lm r third rf csnph.pus and coneaie appearance ot its left wall The arrows indicate the 
t mi<Hm roun 1 1 shadow of the tumor mas- 

Ht . — Vnrthcr . «ophaerntn of the «nnir ra>e 


CV=F EFFORT'S 


< \si 1 —M P \„id J4 t<ar-, iva» hospitalized June 11, l 0 lh 
Ofrrofirr dmonou* Tumor of the esophagus (lower third) 

Ca< hutoru One xeir prior to admission tlie patient suffered morning attacks of 
M>mitin_ Thr. 'i its prior to ulmis-ion he had had a similar vomiting episode of ten dors’ 
duritioi po. ntgi nogr im crimination mealed minimnl esophageal stenosis From Jttlr 
to O-tr.lv r l r i)S henndimcnt mednal and roentgen thcrapr in the Montreal Hospital Xo 
w i,Ji Im was ex.* not. d 

r r '’ 1 ,r Ph'Minl and lal>oratori examination' were normal 
/**/infi-u '>‘f< r" Th r. u is nothing alinormal in the chest Clear plexus c 0U nd 
' . I ard 


rah', w .*ir...ifn„ of th eilimrefaru ronnl I ~nj.lt ignis ana slight), enlarged Tr 
1 or- j irt u] r . i rnl at mnmi. -hangis . . r. no t( d in addition to lrrcgulnnti nn. 
tig. in its 1 ft nml,r whirl, showed a «l,J,th ronear, appearance as from extrmsi 

U *' ‘" ,I in no\» 1 to tin right an 1 Inch In this lo. a tion there wa-a tonumi 
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shadow, well defined laterally (medially it uas confluent with the esophageal nail on uhich it 
would seem to have attached itself), and which could be ascribed to a tumorous process 
The opaque passage through the terminal esophagus uas not scnsiblj obstructed, eien though 
a slight bulge was noted abore 

Conclusions There uere organic changes m character of tho terminal esophagus, 
ascnbable to a neoplastic process in the left lateral wall, deydopment chief!) external, but 
also intramural Esophageal lumen adequate 

Operation (By Professor Form, March 13, 1949) Endotracheal general anesthesia 
was administered Thoracophrenolaparotom) (subtotal resection of the seventh rib) was 
performed showing total pleural and partial sternopericardiac symphjsis, which were freed 

Fig 3 



Fig 3 —Case 1 
lobulation 

Fig 4 —Case 1 


Fig 4 

External appearance of the tumor sinuous In form nlth characteristic 
Section of the tumor 
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The diaphragm was incised and the esophagus mobilized, at which point a tumor, folded in 
TT form, was found in the wall thickness, which bulged considerably from under the ndventitia 
The adventitia was incised, and the procedure for isolating the tumor, which was about 9 cm 
in length, initiated During the enucleation process the mucosa was opened at two limited 
points The tumor appeared to be of an irregular spmdlelihe form, with the U shnped 
folding described, it was clastic m consistency, 1 ellowish white m color, lobulatcd, and 
probably of connective tissue structure Triple layer closure of the esophagus was done, 
thorax was closed without drainage, penicillin was used endopleurally and mtrnmuralh 



Fig- 7 Fig 8 

Fig 7—Case 1 Postoperatly e esophagrnm six months after demonstrating good eso¬ 
phageal canalization 

Fig 8—Case 1 Postoperatly e esophagram twehe months after demonstrating the con 
tlnuance of the esophagus In good working order 

Eiitologio report The tumor wn« composed of tissue, compact in structure, and 
bunched in type Such tissue appeared sometimes richer, sometimes poorer, m cellular 
elements, disposed in rectilinear or undulating bundles, variouslv plnced, now diverging, now 
intersecting The stroma and the scarce intercellular substance were composed of delicate 
i ollagenous homogeneous fibrils with here and there a slightly livnline appearance y essel» 
mostly very small in size, were running through this stroma and presented almost one 
endothelial wall only, thev seemed to be intimately interwoven into the tissue, with “ome 
lvmphomonocvtic element in the adventitia 

The cellular elements which composed the tumorous tissue did not present a uniform 
structure For the mod part it proved to be of greatly elongated cells, whose cytoplasm 
Blightlv eomnoplulous, had somewhat uncertain limits and was characterized by a certain 
longitudinal fibrillar disposition, disappearing nt the poles Tile nucleus was sleneler in 
form, nt times a little cuncd as a comma threadlike or tortuous Lnrger ovular nuclei were 
sometimes seen with the chromatin in a hvperihromic homogeneous manner, the limits were not 
sharp and gave the impression of a swollen and worn tissue For the most part such appear 
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mots com, ulcd w„h tte revive of the cvtoplasm -d with the formation of 

cvtoplusnntie. lumps Other clement' were more mt«iutc\% interwoven m the collagen 

11 C \Vith the exception of the mentioned appearance. (sometimes gigantic) of nuclear 
regression ne.ther knrvokmes.s nor signs of ntmormal proliferation were noted 

\. triehrome stain (Masson, tan Gie^on) showed the muscular nature of the tumor 


distinctly 

Ihstolooic diaonosis Leiomyoma 

Postoperative course The patient had an uneventful convalescence After two weeks 
the wound was well healed and the patient was eating without difficult Barium swallow 
nvealed a satisfactory anastomosis The patient was discharged March 30, 1019, and 
< ontmned his normal life in Canada completely free of anv complaints He died three vears 
lati r from cardiac insufficiency and acute concomitant pulmonary affection. 

Tlu= case offers some interesting clinical and histopathologic consideration Of particular 
nit, n-t was the prolonged symptomatology, which was, in fact, very unusual and limited to 
\ (uniting attacks in the morning prior to eating without other characteristic signs of esophageal 
steno is The tumor mass as shown in the Toentgenogram, was at first considered to he of a 
malignant nature so much so as to warrant a course of roentgen therapy The prolonged 
simptom", their lack of progression the unchanged body weight, the good general condition, 
and an esophagi al lumen clinically and radiologieallv maintained suggested, however, a 
b. mgn process confirmed bv the operation and histologic Teport 

The prominent regressive phenomena, which characterized the microscopic findings, and 
which hare already been described by other authors, are wortliv of note Bibbert found on 
the cell periphery the presence of hyaline bodies which he considered to be parasites Honette 
deluded such a hypothesis but maintained the little livaline lumps were caused bv precipitation 
of the protoplasm for changed colloidal equilibrium of the cellular protoplasm More recently, 
Hizzn declared such appearances to be regressive phenomena, in the sense of mrofibnl frag 
mentation and dc onipo'ition 

In our casi and in contrast to tin findings of other authors, the degenerative phenomena 
ctiO'i to affect the nucleus, probably as a Te«ult of the roentgen therapy earned out sis 
months prior to tin operation 5 'ucli a finding might m quire a notable significance, since 
<h,erip(ions of leiomyomas enucleated after roentgen therapy have not been made 


CySE 2 —/ E , agcM 21 years, was hospitalized Mareli 4, 1°53 
I’rtopiratue dtaano*is Tumor of the esophagus (lower third) 

(n«r hisforu The tumor in question was discovered by chance m the course of a recent 
toiit^in examination one month prior to hospitalization necessitated as a result of about a 
thr,s month persistence of slight asthenia lack of appetite, postprandial epigastric swelling, 
and p\rOM* The patient attributed these sensations, wliu.li had appeared m previous rears 
in a mild form and for brief period' to hi' particular tvpo of work (in a factory where the 
air was saturatc-d with dust and chemical vapors) and to the pressure of the shoes on his 
* t»„n. triuai vvhth working on the lathe 

Tit, l'ltnnt > xp.ru lie cl no other dmturl mice—no dv'plmgia no regurgitation and no 


IK i.a! fj-nminntmn F^ t cm nuoii and luburuton studies were negative 

/ admin u ,rarninnhon of the ahmntaru ronnl E'Opltagus was sl.ghtlv dilated espe 

da y m it' m < r T art where two larunarv forms were noted about the Size of a hazelnut 

V " ,n 1 he «nne«u< fold' wire soft and the opaque passage ln to 

tl ton i h was not oMt-uctod 1 1 6 nt0 

.f -f y » X.:;r ssrtrr 

inn/' ‘ * r,r "' ,p I , ‘>ccal n opRstic pro-e s affeiimg the cpieaTdial section judvpmd 
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Esophagoscopy Esophagus was normal in form, size, and consistence as far as mid 
third. Lower third appeared slightly dilated with the mucosa stretched out In the area 
immediately above the cardia two roughly rounded formations, which were pendulous, com 
pletely covered by mucus and not bleeding, were observed. One of these was situated on the 
left on the anteriolateral aspect, the other slightly lower on the right, on the posterolateral 
Firm m consistency, not very elastic, they did not obstruct the passage Diaphragmatic 
movements lifted the two formations synchronously 


■n g f 



Fie 9 Fig 10 

Fig 9—Cose 2 Preoperatli e esophagram demonstrating dilation In lover third of 
esophagus the presence of tvo lacunary images and the regularity of the mucous folds 

Fig 10 —Case 2 Another esophagram of the same case 

Operation (By Professor Form, March 28, 1953) Tboracophrenolaparotomy was per 
formed By incising the mediastinal pleura and dissecting the triangular ligament, the 
esophagus was taken out through the hiatus It was isolated for an area of about 10 cm 
In the wall a sbghtly knobby neoformation presented itself, which extended about 7 cm u 
length At the cardia it took on a U shape and then rose into the opposite wall m a space of 
about 4 cm , taking on a squat, but ever knobbj appearance The muscle wall was incised, 
and the shelling out of the tumor, which was surrounded by a s ma ll layer of adventitia, was 
begun The process of enucleation was carried out without entering the mucosa except in an 
area of some milli meters, where the apex of the tumor joined with the mucosa, which was 
closed with a suture The finding was analogous to that in the preceding case m regard to 
shape, size, and appearance 

Uistotogic report The fragments, taken at various points from the little mass, 
presented a bunched structure throughout The tumor consisted of currents of cellular ele¬ 
ments, vanoush set, greatlv elongated, some of which were disposed m a parallel and, at 
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a: 11 —Ca.«c Z. External appearance of the tumor showing lobulation and t shape. 
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Fig 13 
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F , 13 _Case 2 Bunched structure of the tumor determined In currents of fibrous 

mUSCl Flc €l 14 ^C«— Enlarged* detail of Fig 13 ahonlng the longitudinal strlntlon and 
the sidndli 4 ^threadlike appearance of the nuclei (X319) 
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1hc «an,c urn,, muuuu* manner Sometime? too, there cells were grooved m large vortices, so 
U, lt tlic micro-copic section caught the cell bundle m various me,dental groupings 

Some fine fibrillar septa united the bundles vvlu.li were partuulariv dense around the 

\ c^^cl 41 lo=inc themselves m the muscle wall of the latter 

The ectoplasm also was sometimes not clcarlv distinct from the fibrillar stroma Where 
it was better preserved, it was possible to distinguish a longtitudmallv striated structure 
md a considerable eo»inoplulia, with some swelling here and there The differentiation 
lietwcen the cellular elements and the stroma which appeared otherwise run together, made 
it<olf particularlv evident with the electne staining (MuUorv, \ an Gieson) 

The nuclei were spindlelihe, sometimes curved m common form, sometimes somewhat 
undulating or stretched out in threadlike appearance The chromatin content of such nuclei 
was regular and finely powdered, with some little nucleoli here and there 


Uisiolop\c diagnosis Leiomvoma 

Postopcratnr coursr The postoperative course was uneventful The patient was eating 
a full diet on the tenth postoperative dav and had a well healed wound 

In tin® patient too, the svmptoms, although minimal, had been m existence for some 
year®, characterized bv long periods of remission, and bv a complete absence of dvsphagin, 
regurgitation, or pain The onlv sensations were moderate asthenia, lack of appetite, and at 
timeo postprandial epigastric “welling and pvro*i« 

Esophngo=copv and roentgenograms demonstrated the existence of the tumor, the 
prevalent development within the lumen and polvpoid characteristics, the mucous integntv, 
the probable Iicmgn nature of the tumor, and its probable ongm in the muscle wall The 
operation confirmed «uch impression', producing a tumor with characteristics analogous to 
tlio-e m ( a-< 1 but with a tendcno\ to development toward the esophageal lumen, ns to distend 
md notahH thin the muco»a, and to take on at some points a polvpoid appearance 

The histologic cxanuuauoa demonstrated the same bunched structure, as in the preceding 
tumor, and the >-amc evtopln'tic and “trnmnl charm tervAw?, but showed complete absence of 
anv nspeet of nuclear regression. 


C11MCU COMMENTS 

Lsophagcal imomas are ftcquentlv nsv mptomatic Of bb cases in the 
lilcntme 01 wcie tree of clinical svmptoms 

The ,i]ipcarancc of svinptoms is sometimes preceded In badh defined dis- 
tmlnmes or pamtul sensations winch the patient is often unable to describe, 
m whuh aic sometimes (onsideml to he of a functional nature, as b\ Lanzaia 44 
Dvsplngia is a verv frequent isolated xvniptom, 3 15 41 45 C1 si but more 
often accompanied bv othei disturbances It is generalh found with ingestion 
of solid foods and rarelv with liquids In the case refeired to bv Lanzara 44 
tlu patiuit to feed himself, was obliged to recur to Colin s manemei (rapid 
swallowing of a glass ot inter aftei even mouthful of food) Sometimes 
dvsplngm neeompames onlv certain loods, ns in Cornell and Shehadi s patient 10 
Wlvsphagn with sweet, cold, or acid loods) Yerv often it appears at irregular 
intervals with more or less rapid regression It rarelv shows a course constant 
;.r progressne to the point of stenosis- - 4 - It can persist tor vears, as 
tallows tvumv.fmir vears 1 sc vui vears ^ mid six vears 44 

‘winter and Kittle 4 hold that benign tumors causing dvsphagia are rarelv 
< nvmtieosal m on f n but that their origin is more often submucosal 

Iiumn 00 Cv-s?r C ° pwlunculatc C3Slh - intruding mto the esophageal 
p nun seeondarv to leiomvomn, according to the same author* 

-I; 1 ,;: “.r.,r= rrir* ' ;Z ~ 

small s ir ,,l tumors 4 » * rmi “ ,,t ^Pluuzn is piescnt also in 
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Pain during deglutition, partieulaily of solid food, has been described only 
by Garloek 30 Frequently the pain is, instead, spontaneous, or begins 1 m 
mediately, 1 or about ten minutes after eating 37 It is more frequently retro 
sternal, 30 34 30 11 but can also be found m the thorax, 62 " 4 m the epigastrium, 13 ' 2 
and even m the shoulders 30 It can be continuous, but more frequently is 
erampy with spontaneous remissions and exaceibations 

Sometimes nausea and vomiting 23 45 are present, or dn ect alimentary vomit 
mg takes place 8 50 37 ’ T1 > 74 Other effects are regurgitation, 30 ’ **' 46 a sensation 
of weight in the epigastric region, 0 18 37 and dyspeptic sensations, in which 
peiiodic remission of the symptoms makes one suspect the presence of an ulcer 4 
No author has found sialoirhea 

Sometimes theie can be loss of weight, depending on the grade and duration 
of the djsphagia If this regresses, the lecovery of body weight can be evident 
m a short time 45 The geneial state of health is, howevei, generally well mam 
tamed, even many years after the beginning of the illness 

Theie have also been descriptions of sjmptoms of compression of neai bt 
organs (trachea and bronchi) with dyspneic crises 02 which, neveitheless, might 
be independent of stenosis Dyspnea associated with coughing is piesent in 
Manzocchi’s case 52 (Leiomyoma of the lower third of the esophagus came to 
resemble an nutation of the vagus nerve ) 

The fundamental chaiactenstic of the symptoms explamed is their notable 
dmation—sometimes for years—and then capncious evolution 

In two patient 45 hemorrhage, which showed itself with hematemesis and 
melena, was experienced Lippieh described perforation of the tiachea by a 
tumor, whose musculai nature was not, howevei, histologically documented 

DIAGNOSIS 

In leiomj omas of the esophagus a positive clinical diagnosis is not possible 
In fact, dysphagia, retiosternal oi epigastric pain, the sensation of weight, 
nausea, and vomiting are not characteristic, but common to all tumors of the 
esophagus and penesophageal spaces 

A diagnosis of piobability is possible, 10 23 37 3S 45 71 and, in om second case 
m addition to an acciuate differential diagnosis bj viay examination and 
esophagoscopy, completed, if necessary, by biopsy This last is, howeier, not 
alwais advisable, because of the necessit 3 r of penetiatmg the mtcgial mucosa to 
leach the tumor and because of the possibiliti of ci eating wounds and trauma, 
vliich might pro\e senous 

The radiographic image of these neoplasms presents appearances diffeient 
m accordance with then anatomic toim 

In the rare cases of pedunculated leiomjoma, one can perceive a paiticular 
shadow v Inch cuts into the esophageal Inmen and ulucli coexists generally twtli 
a wall which is functionally intact 

In the intramural forms or m those where the tumor arises m the pen 
esophageal space, a simple loentgenogram can demonstrate the presence of a 
rounded shadow, moie or less opaque, uitli clean edges, and well defined in 
respect to the surrounding tissue In the bauum swallow, the tumor mass is 
confused with the esophageal wall There often exists, at the same time, dilation 
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and to.at.oi oi tie esophagus, sehose taen generally prints deiomattons 
(Case 1) The opaque meal passage is not sensibly obstructed, although a slight 


stoppage abox e is to be noted 

Harper and Tiscenco 3 ' tned to enumerate tlie most important radiologic 
characteristics, which are useful mainly m the differential diagnosis with car¬ 
cinoma of the same site The authors undefined the importance of a tumor 
mass foi the most part not fixed, connected with the deformed esophageal area 
Hid ’more or less swollen m the mediastinum The} recognized the frequent 
nilai gement at the same lex el of the tumoi, or a piotiusion oi that pait of the 
wall on a lei el with and opposite to, the tumor, the absence of undermined 
maigms, the xauations m the form and size of the lefilhng defect, the absence 
of nn\ ulceiation of the mucosa corresponding to the neoplasm, and the con- 


sen ntiou of the normal fold m the immediate neighborhood of the refilling de¬ 


fect 

Roccntlx Chalnot and co workers 1 '” undeilmed the importance, after a 
barium swallow, of some aspects of the lacunar image, which, characterized by 
limits more or less regular, frequentlx lepioduces lobulation typical of lem¬ 
on omas tox creel hx integral mucosa and presents at its extremities two little 
spurs in relation with the superior and mfenoi poles Such signs indicate the 
mtactncss and softness of the mucosa and are opposed 1 ‘ to the rigid, fiagmentai v, 
and irregular nppeaiancc of the mucosa aftected bx a malignant neoplasm ” 
Iiortat-l.icob 4j noted a kind of arborescent image, in a letomjoma xvitli a 
maeioscopic nppeaiancc similar to our first case, without amputations, due, in 
Ins opinion, to the baiium filling up the crexices pioxoked by the lobulations of 
the tumor The same author has also reported a flattening of the esophageal 
piofilc, which reminds one of ureterogrnplncal images for a ureter flattened like 
i sword hladc Such an appearance xrould he due to the particulai and fre- 
quenth noted horseshoe form of the tumor 

Of particular moment m the two personal cases are the enlargement and 
the displacement of the area of the. esophagus aftected hx the tumor, the presence 
of eoncaxitx as a result of extrinsic pressure, the existence of a tegular-rounded 
shidow the umformitx of the mucous lax out, and the complete absence of 
obstruction m tbc barium passage 

careful analxsis of the radiologic findings (before or aftei banum meal), 
cspoculh if combined as a mult of repeated tests, can permit within a limited 
held of I rror not onlx the generic diagnosis of a benign tumor of the esophagus 
but tin avert tinmont of the cxentual preponderant dcxelopment (intrinsic or 
extrinsic \ assumed bx the tumor mass 


/ w;»;«if/c.sro,n/ produces good results in pedunculated tumors, whose size 
shape location, and omul can be cxahntul with eertaintx 

In intramural hionnomns or in those which derelop in the periesophageal 

t ™ "'j 1 morc <’ r ><""> ratS( 'd b\ the nndcrh nm tumor 

omcl.i 11 . 0 = the mucosa appears congested* or superfic.alh eroded"* The 
esophageal hum„ a the leu) oi th. tumor cm be restricted so as „ 1 , ? 

n " '* "" ‘—Plmeos.opt' m th. orcrhmg esophageal am aa p! 

tisuallr m a limited degree, is frequent *‘ *- " * 0,1 
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During esophagoscopy, it is sometimes possible to take up a fiagment of 
tissue for a histologic examination which alone can peimit a definite diagnosis 
We haie pieviously hinted at the obstacles to tlus pioceduie, and at the necessity 
of preserving intact the mucosa, vhich is often extended and very friable 

DIFFEREXTIAL DIAGNOSIS 

Of the tnniois which xeeui frequently' m the differential diagnosis y\ith 
leiomyoma of the esophagus, let us considei aboie all caicnioma, sarcoma, the 
othei benign neoplasms, megaesophagus, and caidiospasm—in short, the neo¬ 
plasms and malfunctions located in the penesophageal aiea and compiessing 
the esophagus 

Caicmoma m geneial piesents a symptomatology buefer m duiation and 
an evolution which is progiessively fatal Esophagoseopy sliows, m the ulcerated 
forms, the loss of substance and edges slightly laised, and in the legetant ones 
a polypoid or fungus appeal ance, a notably haid bulge m the mfiltiatmg tyqies, 
yyhich tends to compress the lumen Bleeding, moieovei, is easy 

Sarcoma is moie often charactenzed by r a lapid evolution, the absence of 
lineal infiltration frequent m the epithelium, and the not infiequent pulmonaiy, 
pleuiomediastinal, and tracheobronchial metastases 

The diffeiential diagnosis, based above all on the sometimes pievalent 
copious esophageal dilation abo\ e the leiomy 0111 a, is also \ ahd foi esophagospasm 
and megaesophagus 44 4S 

Foi the diagnosis of cardiospasm x-iay findings aie necessary of the image 
of the esophagus in eigai foim oi of the caidiac channel as a loot 01 rat’s 
tail, and esophagoscopic images with an obstruction in the passage of the mstm 
ment which pioceeds sloiyly but completely 

Abundant reguigitation, a postprandial sensation of obstiuction which 
passes sometimes suddenh with a special noise, dysphagia, and letiostemal 
oppression winch tend to mciease piogiessively, bad oial taste, and the eliarac 
tenstic sensation of entiy in the canty of the esopliagoscope, once cncoid 
restriction has been oveicome, incline one towaid the diagnosis of megaesophagus 
The diagnosis is confirmed by r the radiologic examination, which shows an 
esophagus notably dilated in sack foim, with pockets, 01 cydmdncal m shape, 
m addition to bemg considerably elongated and sinuous, and the constant mteg 
nt a of its subdiaphragmatic portion 

In so far as concerns the extra esophageal compressions, the tumois which 
can recur m the diffeiential diagnosis are listed in a simple maiinei foi puiposes 
of bienty (1) anemysm of the aortic aich m its postenor position and of the 
descendmg aorta, (2) aneurysm of the left subclayucular artery, (3) bronclno 
genic carcinoma, especially of the left main bronchus, (4) cystic tumor, or 
paiasitical (eclnnoeoceus) oi congenital (dermoid) cysts of the mediastinum, 
(5) tlnroid oi letiostemal paiatlnioid tumois, (6) lymphoglandular tunic 
factions (lymphosarcoma, Ivmphogiamiloma), (7) folded esophageal dneitieu 
lum, modified in its ladiologic appeaiance In state of lepletion (salna, fowl), 
(S) diapluagmatic hernia 
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THERAP1 

The thciap' of leiotmoma of the esophagus is exelusneh siugieal Momo" 9 
and Dubois have earned out a ligatuie of the pedicle ot an esophageal tumoi 
arising into the mouth In the nne er entualitv of a pedunculated leionnomn, 
its remmal can he cairied out oralh dm mg esopliagoscopv Almost alwavs 
howe'er, the leiom'omn (mtramuial 01 snbadrentitial) requnes thoiacotonn, 
generalh fiom the left, hut also fiom the light (Rossello’s and Chalnot's eases 
were localized in the higher mid-third) The method known as thoiacolapa- 
rotoim lj 13 3 '’ 4 01 ' 4 ' J S5 £ '’ ” 90 01 93 is used if the tumoi is located m 
the lower thud oi if it affects the eardia 

The esophagus lianng been exposed the tumoi is seen in its eliai act eristic 
appearance Attachments with the neaid)\ oigaus and the mediastiual pleuia, 
infiltration, sclerosis or wall ictiaetion as iiequcntla seen m malignant tumors, 
do not geneialh exist 

The neoplastic mass, Sometimes lobnlated with serpentine piolongations 
which arc mote often rounded, appeal’s m strict conneetiou with the muscle 
memhiaue ot the esophageal wall, and is, foi the most part, well enuelenble 

The method, followed b\ a number of workers, 13 1 10 33 3 " 4 ' tn ’ 1 consists 
m a pindent and piogiessne enucleation of the tumoi without entenng the 
muco«a The mucosa can aeeidentalh he opened in some limited points, how- 
i \ ci this has no great impov tance 

Lnucleation is the opeiation of choice foi single-node lemma omas, hut can 
also he pel formed foi those w ith multiple nodes when good possibilities of lea\ mg 
tlio mucosa intact exist It picsents no particular smgical difficulties oi risks, 
mil penults the esophagus to maintain its noimal phi siologic appeamnee 15 
Those lcioimomns winch cannot easih he cunclcated bv lenson of then 
stnet contimuti with the muscle of the esophageal wall or because tliei aie 
mtimatch att iched to the mucosa and those of the eardioesophage.al region 
(which ltequenth also aficct the enstne wall) mm icquuc esophageal oi 
gastroesophageal lescction, aieoidmg to the case m question 9 33 33 13 13 

i -r This is followed, lcspcctn ch, In end to-end esophageal esophagostoim 
or g istioi'•ophngeal anastomosis 

Old' throe patients lme died m the postopeialne period aftci such a 
course of action The long term results m general, ha\e been satisfactors m the 
lopiated control tc-4s, with a good lecoien of esophageal canalization Some 
rare and temporan spasms inn', how ci er persist, or peptic esophagitis maa show 
its. h as m 1 ortat laeoh s patient Resection is accompanied In gicatei risks 
and sometimes In compln ations m gastroesophageal canalization, considerations 
wlnih mi rit anurite c\ dilation when one is dealing with benign tumors which 
should require onk m i was of nuessifv operations othci than simple cmiclea- 


1 ONI 1 1 OIINs 


min' urn i o, tli. "ophaizns is a tumor wlmh is well defined fiom the 
mUoiunpuhohijw d md dim, ,1 points of m«w, notwithstanding lt<3 rMhcr 
rns nppi irnue (102 , -n. s from 17<>7 to IT, 4) " 
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It is most frequently found in the lower third of the esophagus It more 
often affects the male sex (66 6 per cent) after the age of 50 years Esophageal 
leiomyomas m the young are not lare 

According to the best opinions, the tumor originates from the muscle laiers 
of the esophageal wall 

The most frequent anatomic form to appeal in autopsy cases has been that 
of a smgle node, while in clinical cases the multinodular form has predominated 
Symptoms are common to the tumors which nanow the esophageal lumen 
Geneially they are of long duration, but without affecting the general nell being 
—a characteristic moreoiei, of all benign neoplasms 

Since diagnosis is not alwajs possible merely by evaluation of the svmp 
toms, the importance of such diagnostic aids as radiology, esophagoscopi, and 
sometimes biopsi, must be emphasized 

The clinical couise is, for the most part, slov Evident findings of malignant 
tiansfoimations have only once been mentioned 

The only efficacious treatment at our disposal is surgical (most frequenth 
enucleation of the tumoi without opening the esophageal mucosa), a therapi 
that leads to realh satisfactori immediate and long-term results 


SUMMARY 

Two case lepoits of Ieionuoma in the lower thud of the esophagus are 
presented in men of 54 and 21 rears, respectively, operated on in the Surgical 
Clinic of Bologna 

The enucleation of the tumors was followed by recovery, controlled hr 
repeated radiologic examinations (good esophageal functioning) 

Such experiences and a suney of the literature on the subject lead to a 
descuption ot the principal anatomopathological, and cluneal characteristics of 
leiomroma of the esophagus with therapeutic and piognostic deductions 
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IXTRABROXCHIAL LIP03IA 
A Case Report 

ItomhT L McCabe, MD, ynd 'Wiuavm Harrison, M D 
Kingsport, Texn 

r-r-.HL iiicieasing aiadabihh of thoiacic srngeiv, bronchoscopv, and then 
I diagnostic adjuncts is reflected m the rising nuinhex of lepoited benign 
intribronchial tumors The lipoma lanks thud in incidence among benign 
mesodermal intiahionchi.il tumois, hut compnses a sen small peicentage ot 
them' Its iniity mai be nidged bv the fact that ne hare been able to find 
onh fifteen pie\mnsh descuhed surgicalli 1 emoted and histologically con¬ 
firmed nitinhionelinl lipomas oi fibrolipomas Of these nine neie lepoited 
puoi to 191(1 wliueas sin base been lepoited since that time Hie lllustia- 
Hon of inti ihionchial lipoma m Inebow’s fascicle 15 is tiom an umepoited case 
opei ited on in 1947, to the best of 0111 knowledge ,G 

Rohitanski is credited in piexious lepoits 5 14 with descnlnng the first 
mt 1 abioiuInil lipoma in 1814, discoseied at neciopsa The fiist lepoited 
siugic ills mu os id lipoma was that of Keinan in 1927 1 Dining the next 
\wil\i sens thm ilosils nhted tumors, fibiobpomas weie lepoited In 
Micrson in 1929 * 1 W esslu and Rabin in 1932,“ and McGlade in 1939 c These 
tumois ilong with otlieis reiioited aic listed m Table I 
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The oecmrence of these lipomas in thiee Negroes in a total of sixteen may 
be a chance incidence of no statistical significance, but, if such a high propor 
lion continues as the numbei of lepoited cases mci eases, it will be an interest 
nig contrast to the lowei incidence of bronchogenic caicmoma m Negioes than 
white men The geneial pieponderance of men over women with pulmonan 
tumors exists in this senes as well More of these lipomas have been lepoited 
in the left bionchus than the light It may be that this is due to the fact 
that tliej aie all m the majoi bionclu, eithei stem bionchus 01 priman cli 
nsions wdieie fat is noimally found, and the left main bionchus exceeds the 
light in length, giving a gieatei chance of occunence heie The lower le 
poited incidence of lipomas in the tiachea is difficult to leconcile in new of 
the gieatei piopoitional length of this airway, and indicates the opeiation 
of factois othei than chance ni the development and location of these tumors 

The giowth cliaiacteiisties lepoited indicate that the mtiabronchial 
lipoma is often pedunculated, occasionally sessile, and m one instance m dumb 
bell distiibution that had a deep portion external to the cartilaginous plates 11 
Thus, m the last instance, the mtiabronchial lipoma lesembles the pattern seen m 
bionchial adenomas, and confinns hi its eontmuitx the hvpothesis that these tu 
mol’s anse from nonnal fat located external to the cartilage The polypoid na 
tuie of the tumoi is leflected in the fiequenei of bionehoseopic lemoial Pul 
monaiy lesection was thought to be indicated because of distal suppuiatne 
disease in only thiee of the pieviously lepoited cases It was actually pel 
foinied in two The lipoma, like othei histologically benign tumoi s, may pro 
duce senous and piolonged llhiess, even death, when located m such a cut 
icalh important position as a main bionchus 

The following case lepoit demonstiates a common sequence of events 
seen m benign mtiabronchial tumors, namely, partial then complete lespira 
toiy obstruction with distal suppuiation and bionchiectasis Hemoptjsis, 
which occuired in this case, was mentioned m fix e of the previously lepoited 
cases 

CASE REPORT 

Tins 00 a ear old Negro man was first seen in the outpatient department on April 10, 
1951, with the presenting signs and symptoms of pain in the left chest, cough, cinnosi' 
and dependent edema During the preceding two or three months he had noted shortness 
of breath on exertion, orthopnea and had had several bouts of hemopt'sis His appetite 
remained good, and there had been no known weight loss He wn« hospitalized one week 
Inter for stud\ of possible carcinoma of the left lung 

The principal findings on examination at this time were temperature OS 6° F, pube 
100 blood pressure 140/S0, respirations 20 He appeared to be about the stated age, nud 
modernteh well nourished There was dullness to percussion o\er the lower left chest 
with brenth sounds diminished to absent o\er tins area Crepitant rfllcs were present 
o\er the remainder of the left lung and the base of the right lung The heart was on 
larged to the left, os shown In percussed dullness and x rn\ examination (Fig« 1 nnd *.) 
No peripheral edema or cinnosis was noted The h\er and spleen were not pnlpable V 
blood count showed 4 5 million red blood cells, 13 5 Gm hemoglobin, 12,SOO white blood cells 
with G2 per cent neutrophils 35 per cent Ivmphoc'te«, nnd 3 per cent eosinophils Urinal' 
was normal Serologic test for s'philis was negatne Nonprotein nitrogen was 55 mg per 
cent Sputum smenrs nnd cultures were negatn e for acid fast bacilli An electrocardio 
gram showed left heart strain and digitalis effect 
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The putient was discharged from the iiospitnl on Mar 1, 1051, with the diagnosis of 
cardiac failure and consolidation of the left lower lolie of the lung Treatment with anti 
biotics, diuretics, digitalis, nnnnophi lime, and lnxatnes hnd produced iniproc cinent The 
possiliihtc of a pulmonan neoplasm was not considered further at that time A repeat 
x ray of the chest, done ten dais after discharge, showed infiltration of the left base anil 
emphj sema of the left upper lobe 

He was next seen in the outpatient department on Sept 2, 1952, with the same 
symptoms, but some loss of weight and strength The entire left side of the chest ira' 
dull to percussion with diminished to absent breath sounds He was readmitted to the 
hospital on Sept 9, 1952, when he was first seen by one of us (K E M ) The cardiac con 
dition appeared clinicalh improred in that the chest heart ratio was normal, there was no 
evidence of congestive failure, and the nonprotem nitrogen was 30 mg per cent, however, 
the electrocardiogram still showed left heart strain and occasional centricular premature 
beats The increased consolidation of the entire left lung (Fig 3) with mediastinal 
shift to the left but an improved cardiac status was noted Other findings were essen 
tially unchanged 



4—Microscopic appearance of bronchial lipoma show Ing respirator} epithelium and In 

elusion of mucous glands 

Bronclioscopic examination was carried out the next da\, at which time a smooth 
globular tumor was found to block the left mam bronchus almost completeh just distal 
to the canna A biopsi of the growth showed normal respirator} mucous membrane with 
some underhing fntti tissue Following this, the productne cough stopped nnd remittent 
fe\er ranging from 102° to 103 0° F dot eloped This was thought to be due to complex 
obstruction from edema associated with the biopsi An hematocrit of 33 was raised 1 a 
transfusions to 41 in preparation for operation 

A transpleural bronchotonn was done on Oct 2, 1052 The tumor, which had a n»r 
row pedicle, was ensih remoi ed 4 pneumonectom} with transection of the bronchus 
distal to the bronchotonn «ite was performed because of tbe extensne suppuratne disease 
of the lung 



Q?1 

MC C VLL. \>D H \RKI<ON 1NTR\BROXCHIAI, UPOMA 
n. .e^ed = 5 » >n *»«* *. 

«urface, pale 'e n ° w color ’ »"* soft ^ ei Appearance Small lobular areas were partiallv 
a rale lemon lellow, ^ “ Iim JJc examination showed it to be composed of 

surrounded hi thm white P n ^ manv mucous glands (Figs 4 and o) The 

deldel'in .ome areas but, where present, was of respiratorv tvpe with 

nrn« of squamous metaplasia 



t* iv. -Mlrn »j I njip \r mrf of llprm'i phowlnc nuioou* plntuN surrountlol b> ulipo^i. 


Hu lift bmp Mibmittid M»parnul\ t weighed **oo pram* mul \\n« the seat of con 
“idornblo bronohieotnM* and fibro«i« lnxnUing both lobo, 'with extensive acute and or 
cant in£ food pmumomti 

H inng the enrh follow up jm no] tin pat it nt remained will frc» of rough, and pained 
tn tr< ».th and w»i„ht Ho nor iMonulh lnpM*d into ronge-tnc failure because he did not 
fnlluw i r* r til t «1 tr»nlunnt but nlw i\> n »pomh d will to ho^pitabration He wn* mo-t 
n oi nth *■« n in rmij ti\i fnilun in March 1 , <*>4 On ltd t» **t ditm tie*, and rcdigital 
1 atirn In U \ ' |h uitih ef ed» mn Tin x m\ appearance of the left thorax has been 

tnllr with ro clnr-i in tin lo\ol of tin dinplirncm or pa ltion of tho heart and trachea 
H« Uft thr \ itnl ro n*nt<* 1 nt rc«t 
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42 The Use of Shunts In the Besectlon of the Thoracic Aorta J Alam-ell Chamber 

lain, Robert Klopstoch, Peter Pamassa (bi mi itation), and A Grant (In 
lmitation), Neu \ofk, N Y 

43 Patent Ductns Arteriosus With Hypertension Analysis of Cases in Which 

Operation Was Performed. F Henr^ Ellis (bi mutation), Tohn W Kirilin, 
and Earl H At ood (bv imitation), Rochester, Minn 


Notice 

Those who ate on the piogiam are lemmded that bj action of the Council 
all papeis aie to be handed to the Reeordei immediately aftei their presents 
tion Ant papei which is not thus submitted immediately inns a risk of not 
being published 
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The expned air from each cncmt was letuined to the anesthesia machine after 
passing through the mixing chamber and volume metei Ventilation was 
recorded at five-minute intervals Expned an samples weie collected even 
thirty or sixty mmutes Artenal blood samples were obtained through a 
sterile polyethylene tube placed in the brachial arteiy These were diavn 



Fig 1 —Diagram of aneBtheBla anil metering sampling circuits useil 

simultaneously with the collection of expired an samples The caibon diox 
ide concentration in the expned ail i\as determined In standard Haldane 
techniques A pH determination of whole blood was made in a glass electiode 
using a Cambridge potentiometer as desenbed by Wilson * Aitennl blood 
carbon dioxide content was measuied by' the method of Van Slyke and 
Sendroy ' 5 Carbon dioxide tension of arterial blood was calculated fiom the 
pH and carbon dioxide content of artenal blood using the nomogram pro 
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pared bv 'hnser and Hastings c Alveolar and dead space ventilation for both 
lungs together can be determined from the above information as described 
prc-Yiouslv * 

Ten patients (24 to 61 Tears of age) were studied during intrathoracic 
•nirgerv Table I lists the diagnosis the degree of pulmonarr resection and 
an estimation o£ the disease m the contralateral lung The extent of pul- 
monarv resection varied from onlv a biopsv to lobectomv Anesthesia con¬ 
sisted of intravenous Pentothal sodium and curare supplemented with nitrous 
oxide Manual!v controlled positive pressure respiration was practiced 
throuchout the operative period All of the patients except one were op¬ 
erated upon m the semilateral thoracotonrv position. H. W was operated on 
in a full lateral position The values indicated as prethoraeotomy were ob- 
tlined after the patient had been positioned on the operating table but be¬ 
fore the chest had been opened 


Table I Clinic u. Dvta 
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Table 11 \ nus the v dues for total ventilation, per cent of total ventila¬ 
tion eontnbuted bv th. op, rated Jung total carbon dioxide excretion and 
I- r rent oi carbon dmxid, output bv the operated June prior to and at varv- 
nu: tun, mhrvak inllowme opetnuu of the chest in each of the ten patients 
1 1 1 and civs tlu arterial P I1 arterial tarbon dioxide tension cal- 

{1 ‘ t) ‘ r ' ln ‘ 1 *P*“c ventilntion values found in’four 

1 ie - tin mem e-dues io r total ventilation percent of ventila 

,;:i r; a : ; h ; ojMrMo1 lunc ^ c,S, 0 „ ^ 7 ™*. 

or 1, 0 ‘ ' 1 pn ° r ,0 nn<1 nt tlmo following opening 
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Hours 

Hr ;—Mean \-vlu~* found In ten patients for total xentllatlon (A ) per cent of total 
xmlllitlon b} tlio ot>* rated luntr A) and per cent of total carbon dioxide excretion bv 
be ojvrat* 1 lunr (loi^ prior to and at time interval* followlnp openlnp of the chest. 
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Fig 3 gives the mean ventilation and carbon dioxide excretion ratios 
expressed m per cent of prethoracotomv values at time intervals following 
opening of the chest 

A decrease m the pioportion of ventilation and of caibon dioxide excre 
tion by the operated lung occurred m all ten patients following opemng of the 
chest This deciease peisisted throughout the proceduie 

The decrease in the pioportion of caibon dioxide excretion by the op 
erated lung following the opening of the thorax was consistently greater than 
the decrease in the ventilation ratio dunng this penod (Table II, A and Figs 2 
and 3) 

Some of the patients had total caibon dioxide excietion values, following 
opening of the chest, consideiably greater than that found pnor to thoracot 
omy This rise was not noted m earlier studies 1 



Prcthorcc 0 1 Z. 3 4 Patient J B 


Hours 

Fig 1—Values of per cent of total ventilation contributed bv the operated luns per 
cent of carbon dioxide excretion b> the operated lung arterial carbon dioxide tension toia 
ventilation and dead space ventilation at time Intervals in patient J B Resection of nnsni 
segments and lingula was performed for bronchiectasis 


The four patients in whom blood studies v r ere made revealed a usual m 
crease in dead space ventilation following opemng of the chest The decrease 
m aheolar ventilation following opening of the chest was not as consistent as 
was found previously 1 

Patient J B (Fig 4) showed n moderate fall m proportion of ventilation 
contnbnted bv the operated lung following the opemng of the chest which w'as 
accompanied bv a marked fall in the propoition of carbon dioxide excretion 
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bv that lung The ah eolar ventilation was not increased sufficiently to mam- 
twn a normal artenal carbon dmvide tension in the presence of an ^creased 
production of carbon dioxide even though the total ventilation increased up 
to 23 5 liters per minute Most of the ventilation at these relatively high 
minute -volumes consisted of dead space -ventilation 


DISCUSSION' 


The changes noted m -ventilation must be considered in the light of the 
anesthetic techniques applied The combination of Pentothal sodium and 
curare virtualh eliminates anv -ventilation bv the patient himself Therefore, 
in our patients ventilation was produced bv means of positive pressure in¬ 
spiration and passive expiration Our data cannot be applied to svstems em¬ 
ploying unassisted or partiallv assisted respiration 

The decrease in proportion of ventilation performed bv the operated 
lung during thoracotomv could he due to a decrease m ventilation of the 
operated lung an increase in v entilation of the unoperated lung or both A 
decrease in v entilation of the operated lung mav m part be related to manipu¬ 
lation and limitation in expansion of the luug bv the surgeon Areas of atelec¬ 
tasis and partial or complete bronclual obstruction could change the physical 
characteristics of the lung enough to affect ventilation Clamping and resec¬ 
tion of pulmonarv tissue must plav a role although patient H W, m whom 
onlv a small Inopsv was done, demonstrates that this cannot be the onlv fac¬ 
tor since he showed changes similar to those patients undergoing more ex¬ 
tensive pulmonarv resection Increased ventilation of the unoperated lung 
could occur if the characteristics of the closed chest side were altered bv 
mediastinal mobility and bv curanzation of the chest wall muscles to permit 
greater v entilation w ith the same lev el of applied pressure 

The onlv data presented of individual lung function are ventilation and 


carbon dioxide excretion More important physiologic measurements of the 
individual lungs would he alveolar ventilation and dead space ventilation 
The latter simplv represents the difference between alveolar ventilation and 
total ventilation Accurate alveolar carbon dioxide tensions must be known 
however to determine the alveolar ventilation of a lung The determination 
»! this, more import int phvsiologic measurements must await the develop- 
m<ut oi newer techniques ipphe ible elnnng surgerv Olir data do not allow 


in i stmntum of alveolar ventilation of the individual lung The proportion 
<u dveohr ventilation assumed bv the opented lung would fall to a greater 
< M< nt thin the t ill in ventilation rttio it the ele ul spue ventilation ot each 
luug remained the same changed proportionately, or if the dead space in the 
opentid lung increased more than in the unoperated lung Onlv if there 
)y r< L ['' lUr of dead space ventilation In the contralateral king 

nn n the opi rat. d lung could there be an equal or lesser fall of the ah eolar 
v< ntt! item rvtm than of the tot il venti! ition ratm It „ Inglih improbable 
Imwi ir th it the iatt» r w ould occur 


< erl.nn dioxide output of « „ 1, btng n i 
Vi util it ion blood l’liw e.umiv < trboli d.oxide 


e ompUx 
tension 


function ot nheolai 
and inspired carbon 
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dioxide tension Alreolai ventilation is relatively the most important fac 
tor determining eaibon dioxide exeietion within usual phvsiologic ranges 
The finding of a greatei deeiease in eaihon dioxide output ratios than in ven 
tilation ratios is consistent with the descubed greater lelatne decrease in 
alveolai ventilation Tarnations in dead space ventilation and in pulmonary 
blood flow may well have occuned m one 01 both lungs, but one need not as 
seme changes in these faetois to explain the alteiation obseived in carbon 
dioxide output ratios 

The application of the presented data to ebmcal situations must be made 
with caution It is cleai, howeier, that the conti alateial lung must assume a 
gieater propoition of lespnation dining thoiaeotomy done undei Pentothal 
sodium curare anesthesia and manual positive piessuie ventilation than it 
does prior to surgery It follows that the function of the unopeiated lung 
must be sufficient to meet this increased demand, or accumulation of carbon 
dioxide will occui In most cases the operated lung did contiibute sub 
stantially to ventilation and eaibon dioxide output 

SUMMARY AND COX'CLUSIOX'S 

1 Differential lung rentilation and carbon dioxide excretion have been 
measured m ten patients undergoing resectional pulmonary surgery per 
foimed undei Pentothal sodium curaie anesthesia with manually controlled 
positive pressure lespiration Foui of the patients had concomitant determma 
tions of arterial pH, artenal carbon dioxide content and calculation of arterial 
eaibon dioxide tension, total alveolar ventilation and total dead space ven 
tilation 

2 A consistent decrease was pi esent in the pi opoi tions of ventilation and 
of carbon dioxide excretion peiformed by the opeiated lung during thoiacot- 
omy 

3 The propoition of the eaibon dioxide output pei foimed bt the operated 
lung consistently fell to a gieatei extent dunng thoiaeotomy than did the 
proportion of ventilation 

We nre indebted to Shirlev Lundgren and John Oganovich for technical assistance 
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resection failures in pulmonary tuberculosis 

R vlpii I Sciilossf.r, M D ,* axd Fred J Jarvis, MJO ** 
SEATTLE, IV \SH 


P ULMONARY resection has assumed a major role m the present treatment 
of tuberculosis The indications enunciated bv earlv pioneer centers 1 ' 5 were 
quite rculilv accepted These included failure of thoracoplasty and pneumo¬ 
thorax treatment, umlateial destioved lung bronchostenosis, empyema with 
parencliemal disease, tuberculoma, and blocked cavity The addition of more 
c fieetn o antibiotic therapy ho" ee er, and a more aggressive attitude toward 
caseous residua have increased differences of opinion regarding indications 
As a background for analysis of the present lesection program employing 
current concepts of thciapc a study of the leasons for failuie of a surgical 
group prior to the use of long-term drugs was undertaken This stude em¬ 
braces the period from -Tune 4 1946, through Sept 17 1951, during "hich time 
400 patients had resections foi pulmonan tubeiculosis It thereby affords 
obsrnation of all patients for a period longer than two years Failure of 
resection has resulted m early death (surgical mortality), late death (after six 
necks) readmissiou to hospital due to exacerbation or reactie ation, multiple 
resection and other failures because of continuation of positive sputum or 
changing x rae An outline of the resection program and a summary of end 
results as denied from folio"-up examination also are presented 

The lustori of the resection piogram is graphically illustrated by Figs 
1 and 2 Beginning in Tunc, 1946 nmjoi resections nere used m increasing 
incidence reaching a peak in 1950, declining in 1951 and 1952, to regain new 
impetus during 1953 The initial trend culminating in the first “high” in 
1° >0 r< fleets the changing police m the indication for pulmonary resection 
ecrsiis thoraioplasta The second peak m 1953 folio's s the aelvent of long- 
tirm mtiluotu the rape and reflects the increasing incidence of segmental 
ttid 1malund resection 

Yitlnn the period of this stude, streptoine cm and para aminosalicylic 
n id e mu into general use The first 3S patients eeere operated upon lvithout 
b-n. tn cu tin si drugs Tin rent lining 362 all recened antibiotics Usually 
1 (on m stnptomecin sens giecn dnila from one to fourteen days before 
sur_c re lud ir«»m t\eo 1 c. si\ s\u>hs there lftcr A feee patients eeitli acute and 
'me c\tci, M \c <bs ( is, "<rc tic ited more eignronslv and for a longer time 
rmr to Mir.c re the aecrago patient "as treated with a conservative and 
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prolonged period of bed rest Following lesection (except for brief post 
operative ambulation) bed lest pi evaded for a rmmm nm of six months, fol 
lowed by giaduated exeicise This piogTam usually resulted m discharge 
of the patient about one yeai after snigery 



Fig- 1 —Annual Incidence of thoracoplasty and resection 


In general the character of the lesions m cases coming to surgery after 
theiapv with bed lest and short-term drugs has differed widely from that 
seen at the piesent tune with use of long-teim drugs Gieater problems were 
encountered technically In some cases the finding of unsuspected disease 
m a lung lesulted in pneumonectomy rathei than lobectomy In other in¬ 
stances, pneumonectomy was forced due to vascular difficulties during sur 
gery In many cases, foi fear of reactivation, masses of functioning lung 
were lemoved in ordei to eliminate scatteied foci of caseous disease At 
piesent these lesions would be lesected localh with minimal sacrifice of 
functioning lung, 01 long-teim dings would be used to complete their healing 

SELECTION OF PATIENTS 

Patients are selected for suigeiy by a majoritj' vote of the Staff, meeting 
ueeklv in geneial confeience The pertinent data and x-iays are presented 
by the physician m immediate charge of the patient, full discussion ensues, 
and opinions aie expiessed befoie a vote is taken. For the indication and 
the type of surgeiv to be done, lammogiaphic x-ray study has been emploved 
extensivelv and reliably Similarly, with the inauguration in 1948 of facilities 
for the adequate studv of pulmonarv function, decisions for or against sur 
gerv hav e been influenced bv the findings of the pulmonary physiologists 
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TYPE OF SURGERY 

During tile pciiod of this analysis, there neie 411 resection procedures 
on 400 patients as pci formed by the three consultant thoracic surgeons of 
Tirland Sanatorium* and In the surgical residents under their supervision 
The resection procedures include 160 pneumonectomies, 244 lobectomies, sly 
segmental resections, and one liodulectomv A high peicentage of the pneu¬ 
monectomies and lobectomies follou ed unsuccessful thoracoplasty procedures 
Segmental lesection i\as not done extensively, a i ejection of the opinion that 
removvl of all significant aieas of caseation In more extensile resection 
protected the patient against leactnation, ulieieas cutting through disease 
ms dnngcious Thus, at times, considerable functional lung tissue uas sac- 
i lficcd 
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volvement of other systems or the opposite lung Seven deaths followed 
lobectomies, a moitality of 2 9 per cent There weie no deaths in the seg 
mental or localized resections * 

Examination of the piotocols of the patients dymg m the eaily post 
opeiative period makes it appaient that a most nnpoitant factoi account 
ing for failure was inadequate functional reserve It is emphasized that the 
functional insufficiency of these patients was observed clinically by studying 
their behavior during and following surgery Complications m the nature 
of retained secretions, paradoxical respiration, delayed expansion through 
temporary surface leakage of an, phrenic and recurrent laryngeal nerve 
paralysis, successfully weatheied by patients with greater reserve, have m 
these patients been fatal Thiee patients m this group presented msurmount 
able respiratory difficulties undei anesthesia This lesulted m prolonged 
anoxia with respnatory failure in the immediate postoperative period 

Major suigical accidents accounted for four deaths Two of these oc 
curred during extrapleural pneumonectomy, in one an infected oleothorax 
and bronchopleural fistula, and in the second a two-stage unsuccessful tho 
racoplasty complicated by empyema, were suigical exercises of major magm 
tude A third patient died on the operating table duimg closure of the skin 
when the ligatuie on the pulmonaiy aiteiy gave way The fomth died of 
hemoirhage from the chest wall following thoracoplasty thiee weeks after 
pneumonectomy Major blowout of a bronchial stump has been responsible 
for early death only twice Pulmonary embolism causing death was proved 
m two cases, suspected m two others 

LATE DEATHS 

The number of patients dying six weeks or later postoperatively was 
greater than the number succumbing m the early postoperative period 33 
late, 21 early These complications for the most part are directly related to 
the surgery, although 11 patients succumbed dining the second, 7 during the 
third, and 2 during the fourth year Empyema with bronchopleural fistula 
accounted foi a thud of these late deaths Two patients had difficult extia 
pleuial pneumonectomies with mens of caseation encounteied dining suigeiv, 
a factoi fiequentlv resulting in empvema In one patient an empyema nns 
demonstrated by needle aspnation eight months nftei siugery She died eight 
dais latei fioni distuibanco of cmdiac conduction mechanism, probably ien 
tnculai fibrillation Autopsj leiealed no fistula The remaining seven pa 
tients uere found to hare a co existent empvema and bionchopleural fistula 

Functional inadequacy finds its late expression in cardiac death Nine 
patients, including tuo listed by the coioner without autopsy ns “coronary 
occlusion and sclerosis” and “acute caidiae insufficiency, chrome valvular 
heart disease” died late cardiac deaths It seems piobable that this group 

•Tno hundred and sixteen looallxed resections lia\e been performed prior to April 1 19 J < 
with no deaths 
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dec eloped cardiac strain due to inadequate pulmonary functional reserve 
Other late deaths include the patients "ho expired from progressive disease 
V S an indication of the seientv of the disease four required pneumonectomy 
Nine other patients died of indirect oi unrelated causes 


READ'IISSIONS 

Of prrainn interest are the 27 patients who had undergone resectional 
thcrap' and left the sanatornmi only to he readmitted for further treatment 
Lmhtcui of these patients lnd been discharged with Staff approial Tno 
ucic unen diseipluim duehaigcs and the remaining seien left the hospital 
auamst medical adnee Endence of rcacti'ation of disease "as demon¬ 
strated cither hi change in \-rnv shadon or bv the discovery of positive 
sputum or holh Fifteen (5S per cent) returned during the first tno years 
after surcerv the greatest numbei leactnatmg during the second vear 
ITow e\ er a significant numhci returned m the fourth fifth and sixth years 
(Table 1) Tins eontiasts with the senes of segmental resections reported 
In Chamberlain and associates'' in which late reactivations haie not rep¬ 
resented a serious pioblem Tno thirds of the exaeeibations in their series 
cur red "itinn the first six months 


Tune I Timl of PosTSLcaicvr Readmissios 


NO 01 riTlENTS 


First icar 

3 l 

'-econd \e-\r 

12 f 5SCr 

Tlnr.l uar 

o 

Fourtti sear 

\ 

F'lfiti Mir 

T 

Sixth \car 

I 

Toni 

27 


Tuclic of the icsdmittcd eises had undergone pnenmonectoinv This 
hmur a siemfie mth high numbei lelntnc to the lobectomy eases it uould 
s«un aeam to reflect the greater seieriti of the original disease and probubh 
il» hsvfr UNistnnec of the host Of the 15 postlobectomv patients, the ex- 
u.rhitton occurred m the contralateral lung in si\ m the operated lung in 
bn utd in both limes ui tno Tuo patients showed no x-rae change and 
' i ri n nlmittol for nmstie ition of the source of a posttne sputum culture 
In "in m uh i ration »,i the stump " is found In the other, no souice "as 
.Mt nmm d h„tti ihnr.il with additional antilnoties The eflicace of dnig 
tlunpe is ittistul In the fact tint u wns possible to concert the sputum and 
ultim itch disih irg, k, tl { the se p itn nts on long tem antibiotics Six of the 
r. uliitissii.il croup nmnn n in pitunts hut with a tuonhle mitlooh O n , 
lntom wh., lnd un.breone piuumonnlnnn w.as menth readmitted with 
1 ,hM * s ' , 1 ' r "-“" Ms ,s h" ,nle ' 1 3 wmnn outside the sanatorium 

‘ ' ” " ,u ’" ,th l»'sitn» mltnr.s without known snurte One Ins died 

in. tmr, 1 u. t, nis. s md nm is n„i a u ] ,1,1, )„ r tnllnw up 
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■MULTIPLE RESECTIONS 

Eighteen* of the senes of 400 patients have undergone multiple resee 
tions, three as planned in their over-all therapy Of the remaining 15 pa 
tients, 13 required a second resection because of recrudescence of disease 
postoperatively, one because of empyema, and one because of stump blowout 
Increased disease, as seen by x-ray and by sputum studies, occurred from 
two to fifteen months following the initial surgery, with the average intenal 
being eight months “We noted the extension of disease in the operated lung 
m ten of the thirteen cases, in both the operated lung and the contralateral 
lung in two cases, and in the contralateral lung alone in one instance All of 
these patients received some form of shoit-term antibiotics postoperatively, 
consisting of daily streptomycin for a period of two to four weeks, some 
receiving PAS as well Tw r elve patients weie tieated with streptomycin 
preoperatively for a short period 

Twelve of the eighteen patients ultimately achieved a good result fol 
lowing removal of more lung tissue At the present time they are living and 
well with stable x-rays and negative sputum Turn remain as inpatients, one 
still has a positive sputum and a guarded prognosis under long-term drug 
therapy, the other is classed as chronic custodial Two patients were dis 
charged with advice, with negative sputum, but are lost to follow-up Two 
are dead, one appearing wuth the earlv deaths and the second with the late 
deaths 


OTHER RESECTION FAILURES 


Because of positive sputum or changing x-ray, 15 additional patients are 
also classified as failures Five remain in the hospital t They all have ex 
penenced extension of disease postoperatively and persist wuth positive 
sputum despite prolonged drug therapy In four of the five, inadequate func 
tional reserve has piolnbited further surgical consideration In fact, a study 
of their postoperative course suggests that borderline function complicated 
by sputum retention and paradoxical respirations probably played a large 
part in promoting the extension of their disease In one, repeated exacerba 
tion of sickle cell anemia seemed dneetlj related to the extension of hei 
tuberculosis Four othei patients are at home One has a low functional 
reserve with intermittently positive sputum, anothei has persistently positive 
sputum cultures without known source A thud is awaiting recheck studies, 
after an isolated positive sputum cultuie, and questionable x-ray changes 
The fourth is being sought for rcadmission following the development of 
positive sputum and definite x-ray changes seven years after pneumonectomy 
Five other patients with late isolated positive cultures and without x-raj 
changes are under observation One patient with negative sputum is await¬ 
ing recheck after questionable x-ray change in the opposite lung 


•Eleven patients were operated upon a second time during the period of this stud} 
thus accounting for the 411 resection procedures on 400 patients The remaining seven dbj 
their second procedure subsequent to this stud} 

tlncludlng the two of the multiple resection group the persistent Inpatients total seven 
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SUMMARY OF RESULTS 

We ha a c been able to follow 357 of the 400 patients, 89 per cent Table 
11 shows the present status of the patients followed* Seienti-eight per cent 
ultimately achic'cd a good result and are at home, sputum negative The 
total death rate of the patients followed was 15 per cent, the surgical mor- 
t,lilts 5 1 per cent The results of othei senes as cited by Shabart and Sam¬ 
son,' to which we haie added our own results for comparison, are shown m 
Table III 


T able II Pff.sent States or 357 Patients Followed 
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of pneumonectomies performed because of Yasculai difficulties encountered 
technically or from the finding of unsuspected neeiotic disease in the second 
lobe Increased use of laminogi aphic x-iay, as experience was gamed, re 
suited in fewer unsuspected lesions In futuie studies we hope to correlate 
closely the disease as seen bv standaid films and lammogiams with that re 
covered m the surgical specimen 

At the outset of this study we weie uiterested paiticularly in the deaths 
and complications related to inadequate pulmonary function It is apparent 
to us from exammation of such fafiuies that the postoperative management 
of borderline function cases is vitally impoitant Had ne been able to pre 
vent or minimize the paradoxical respirations, letamed secretions, minor 
peripheral lung leaks, phrenic or leeurrent laryngeal nerve paralyses that 
occurred, at least during the immediate postoperatn e period, certain of these 
patients might have suivived In others, eaily tracheotomy, as suggested 
by Carter and Giuseffi 8 has been invaluable in then postoperative manage¬ 
ment Other patients were felt to have adequate function and yet have 
already died with cor pulmonale A majoi question pertains to the future 
course of those patients with low function reserve following resectional ther 
apy Is cor pulmonale eventually their fate? Prom our experience it would 
seem that this will be verified m a significant peicentage 

Stump ulceration was a common but not a formidable problem The 
late Dr Lewis R R-oll 9 of the Fnland Staff made a detailed study of the first 
389 of these 400 patients and reported an incidence of over 24 per cent tuber¬ 
culous ulceration of the bronchial stump He predicted that stump ulcera 
tion would be a “minor problem m the future” once long-term drug therapy 
was piescubed with full knowledge of the sensitivity of the oigamsms to the 
drugs Stump ulceration is now an extremely uncommon occurrence in the 
large gioup of patients subsequent to this series who have undergone seg¬ 
mental resection 

Early opening of a bronchial stump, indicating its insecure closure, has 
been uncommon Even following pneumonectomy, fistula through the closed 
bronchial stump has usually been late in developing In reoperated cases, 
search for the souiee of the bronchial fistula following lobectomy or seg 
mental resection has shown the leak to arise from smaller bronchi in the ran 
surface of the lung To us, these aie indications that most of the late 
bronchial complications stem from unrecognized accumulations of fluid within 
the pleuia, as pointed out by Stenimermann, Daniels, and Auerbach 10 Con 
tanunation and low-grade infection m such accumulations, although fre 
quently small, may result m a pleural abscess in uhieh tubercle bacilli or 
pyogens of low-giade virulence are present Such empyemas, we feel, always 
tend to seek an exit to the outside Thev insinuate themseh es through planes 
of low resistance, such as a tenuous closure of a bronchus, or through a small 
bronchus on lung surface formerly closed onlv by fibrin The result is late 
bronchial fistula To reduce these hazards to a minimum, it is necessary to 
give meticulous care to the obliteration of all pleural space as early os pos 
sible in the postoperative penod 
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In studying the readnnssion patients it is apparent that the term 
''spread” is an extremely inaccurate one to applv to the manner of exacerba¬ 
tion of disease In most instances there has been prior to surgerv a definite 
tuberculous lesion in the region of the so-called "spread ” Euen though no 
shadow is seen m the x-rnv it is logical to accept the existence of a small 
necrotic lesion which later reactivates The limitations of the ordinary 
\ rar film in demonstrating minute but significant leisons are recognized 
"Mbreoeer since "spread” connotes a remoculation of lung parenchyma 
throuch a bronchogenic source, if this source is eliminated hr a resection, as 
indicated bv sputum conversion, then reactivation mould seem to be the mech¬ 
anism of subsequent extension of disease 


summary vnd conclusions 

1 An anah sis of the failures m a senes of 400 conseeutn e patients under- 
•romcr resection for pulmonary tuberculosis is presented Detailed studv m- 
< hides the earh and late deaths the readnnssion and multiple resection gioups 
and other failures Vc feel that this studv is helpful m the ea ablation of 
present tmnls m surmcal thoiapi ot pnlmonarr tuberculosis 

2 Inadequate functional resen c has been a major cause of both earlv 
and late death 

3 "Whereas maior blowout of a bronchial stump indicating insecure clo¬ 
sure vns responsible for earls death in two cases a third of our late deaths 
wore aciountable to empsema with late hronehoplemal fistula The etiology 
of these late hazards in most cases is felt to stem from seemingly innocuous 
but persistent pleural fluid 

4 \s deimuiMi ited In our readnnssion and multiple resection group 
residual caseous disease is a definite threat to a patient’s future In certain of 
these patients somewhat creator extension of the initial resection might well 
h He preirated later sureere 

' Reactnation rather than "spread” is usualh the manner of exacerba¬ 
tion of disease follow me resectional tlicrapi 


TEl ERI XCES 

1 Hmra a T 1 T r nr 1 n* \\ E The Ke<rUion of Lung Ti«ue for Tulmonan 
, Tits r Ue<i«, Sire C.vne, X Ot'M 75 ai2 "07 

' * ! , , „V ’ II 1 olmtomi for Bulmonan Tuberculous \nn Surg 

‘ 77" ! » N \ Rowruon in the Treatment of Tuber 

I m,,,. if L7£" m ' ’ ’' C” J Tiiorn i< v irr 14 r ,s 2 joi5 

S ,r H ’ 1 obeetomv for rulrronnrr Tuberculous, ,T Thoracic 

lit. ?,] , T i‘ Tn an i ” m'mr -1 " ln lhC Tr,: " U ' nCnt of Corners 

' ' ' V" ‘'"’ r ' < r K1<J, to \ 3 nret Hamel, C T s=e-mienml 
' sLLr 1 I ,V , V’° ” '7’° i ' ’ T Tllo^\ c ,c s rrc 2G%7I-4$3 3053 

, « T,t ,,t 1! v ( 1 IMhnonnn Ro 

, **•’.. J,’:, r a «'«, 1 ~Z'vr,-! } " Tr ’ ' , ' r ” , ' rt of rn,Ml1 ^ 

I ' T - - -V r ^ r ' ! r l' Ut r 1 - Tub. rcuto<r«. Am 

L ~H V'VV „ ’ } 7 * £ I’nt! ogone„. of Broncho 

M - - CC ' .110 j. *.I r r 1 Loonrr Tubcrculo«i«, T 



LATE RECONSTRUCTION OF CONGENITAL ESOPHAGEAL ATRESIA 
BY INTRATHORACIC COLON TRANSPLANTATION 

W Andrew Dale, M D , and Charles D Sherman, Jr , M D 
Rochester, N Y 

T HE optimal lepair of congenital traeheo esophageal fistula of the infant 
at present consists of ligation of the fistula and establishment of ah 
mentary canal continuity by primaly end-to-end esophageal anastomosis 1 In 
some instances the pnmaiy sutuie of proximal esophageal pouch to distal 
esophagus is difficult or impossible because of the great distance between the 
esophageal ends This situation has geneially been managed by one of three 
methods (1) mobilization of the entire distal esophagus and upper stomach 
to allow end-to-end esophageal anastomosis, (2) gastric mobilization and 
mtrathoracic gastric transplantation to permit esophagogastrostomy, and 
(3) delay of reconstruction by performance of cervical esophagostomy and 
abdominal gastrostomy The first two alternatives permit primary recon 
straction but entail either an anastomosis of proximal esophageal pouch to a 
widely devascularized distal esophagus, or to the stomach which, by virtue of 
its presence within the thoiax, imposes the disadvantages of gastric dis 
tention and regui gitation The latter method of creation of skin stomas has 
necessitated prolonged and complicated later reconstiuctive procedures 

Two years ago lie operated upon two infants foi tracheoesophageal 
fistula, and primary anastomosis was not done In the first instance, the 
anastomosis was done but ended with an obviously dangerous suture line 
Rather than accept the almost certain leak and possible death, it was decided 
to perform cervical esophagostomy and abdominal gastrostomy until later 
i econstruction could be done In the second case, there was complete atresia 
without a fistula A two-inch fibrous cold connected the proximal and distal 
esophageal segments Cervical esophagostomy and gastrostomy seemed pref 
crablc to mobilizing the stomach 

During the more than two years which intervened between the initial 
operations and final reconstruction, various possible reconstruction plans wero 
considered, including the transplantation of stomach and jejunum into the 
chest The expenences of others with the reconstruction problem were re 
mewed 

Tlieie appealed to be unnersal dissatisfaction with skin tubes used to 
budge distances between the upper esophagus and stomach, cluefly because of 
the necessarv multiple stages, the common occurrence of fistulas at either end, 

From the Department of Surgerj of the University of Rochester School of Medicine and 
Dentistry Rochester N 1 
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the dexelopment of strictures due to fibrosis and the extensixe scarring of the 
anterior chest Subcutaneous tunnels seem ps\ chologicallx quite clisadi ant a 
ir< ous partieularlx in a (hild 

(lastnc transplantation and csophagogastrostoim haxe presented the 
problems of gastric dilatation and regurgitation the de\ elopment of peptic 
esophagitis of the proximal stump, and occasional difficult! m mobilizing the 
stomne h to reach the neck 

The chief disadiantages of jetunal transplantation and anastomosis haie 
ben, related to the length of the segment which could be mobilized and 
carried to the neck without necrosis, and the neccssiti for bv-pnssmg the 
stomach 

Jleccnt experience here 46 and elsewhere" 3 ■" c xxith mtrathoracic colon 
(i implantation following esophageal eaicmoma resection led to its consideration 
for late reconstiuction m congenital esophageal atiesia We weie unable to 
find nn\ repoit of cxpcilcnce with this pioceduie foi budging the defect of 
< sophageal atresia 


RATIONALE OF l-SOVU Mil AL RECONSTRUCTION USING 1NTRATHOR XCIC COLON 

Theoretical and pi actual considei ations indicate that mtiathoracic trans- 
plantatnm of the right colon mu a\oul disadiantages of other types of 
esophageal reconstruction for congenital atiesia of the esophagus m a child 

1 A one stage reconstruction max be accomplisbed bx laparotomy xvitli- 
mit formal thorn otomx The right colon max be mobilized and pulled 
through the anterior mediastinum xia a substemal tunnel dissected without 
netuallx opening the chest will Immediate anastomosis in the neck and to 
tht stomach max then he pcrfoinud tluough scpaiatc eeiMcnl and abdominal 
illusions The duel disadiantages of a one stage pioceduie aiipeai to lie in 
the dangfrs associated with tlie fixe difToieiit suture lines liecessaix to this 
operation, as well as tlu possilulitx of contuiuinatioii of the mediastinum 
llu dexelopment of mtibmtu ngimens and betlei methods of piepanng the 
<olnn lor anastomosis piohnhh olniatc most of this Tint the entire pro- 
udure < in he c lined out within n Kiisonihle tunc is eudcnced in the foui- 
hour operating turn in those, cists which included time used to make photo 
griphu records 

J the blood snpph should Ik adequate and nm lie tested prior to 
dnisie.n of am uss t Js | n placing uiseuliu d imps on the right eohe xcssds 
n almost uen instance the collator\1 uicubitmn through the maiginal 
irt< rie s should lie cufhe M 

' That the riLht «don will be long enough is attested In extensile 
■banal and < \jm rum ntnl d ,tn and In (xpeneuc. m autopsx room where 
•a • « h ant no, i sufln n nt 1, ngth of right . olon , oul-l be d, x doped to bridge 
the el.stm,, mek Uul the st,much ^ 

si .au,b'r n, " r " ,,m sh,,ttM lu ^ ,h »" 
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5 The incidence of fistula foimation at the site of anastomosis should 
be no highei than ivith othei tiansplantations, paitieulaily since this is 
probably related to the madequate blood supply of the othei types of anasto 
mosis 

6 The proceduie does not bj r -pass the stomach as does the jejunal trails 
plantation. 

7 Intrathoracic i econstruction is bettei than subcutaneous placement for 
psychological reasons, if foi no others 

Possible disadvantages include stasis within the tiansplanted colon, com 
pression of the stomach by the middle colic vessels passing over it, and 
stenosis at the anastomosis lines In the two cases lepoited heie Lipiodol 
x-ray examinations have indicated that the transplanted colon empties slowh 
Regurgitation has occuned, hovevei, only when oial feeding has been lapid 
If compression of the duodenum oi pylorus pioves a leal disadvantage, it 
should be possible to bung up the vessels and colon posterior to the stomach 
through the gastiohepatic ligament and thus avoid this compression Should 
compression occui aftei anterior colon tiansplantation, gastrojejunostomy 
might be needed The incidence of stenosis should be no gi eater than with 
other types of anastomosis The use of fine mteirupted nonabsorbable sutures 
is stressed 

CASE REPORTS 

Case 1 —E C, SAfH No 332854, yyas bora to a 23 year old woman on Aug 27, 1951 
Birth weight yyas 2,150 grams (4 pounds, 11 ounces), and delivery was two weeks prior fo 
the expected date Crowing respirations and moderate cjanosis were observed. Twenty nine 
hours later, because of an episode of excessive salivation and cyanosis, an unsuccessful attempt 
was made to pass a Levine tube into the stomach After several hours and another unsuccess 
ful attempt to pass the tube, Lipiodol injected via the tube confirmed the diagnosis of 
trncheo esophageal fistula The proximal esophageal stump lay at the level of the second 
thoracic vertebra (Fig 1) Gas in the stomach and small bowel indicated the presenco of a 
fistula Preparations for thoracic exploration consisted of parenteral fluids, frequent naso 
pharyngeal aspiration, administration of penicillin, and placement of a cannula in the 
saphenous vein 

Initial operation* was begun fifty one hours after birth under cyclopropane and ether 
anesthesia Tlio right chest was entered through the bed of the fourth rib After ligation 
of the azygos vein and incision of the mediastinal pleura, the fistula between distal esophagus 
and right main bronchus was found This was cut nnd the bronchus sutured with interrupted 
5 0 silk The proximal esophageal stump was located high in the mediastinum and was dis 
sected into the cervical region The small distal esophagus was dissected free to the 
diaphragm The segments were now 2 5 to 3 cm apart It was thought that prnuarv 
anastomosis could be accomplished, and two posterior lavers of interrupted 5 0 silk sutures 
were placed and successfully tied The inner anterior laver of sutures then was placed 
Upon attempting to tie these, the nntenor sutures pulled out of the friable esophageal tissue 
and the posterior suture lines began to disrupt Anastomosis without later disruption seemed 
impossible Because of the poor condition of the premature babj nnd the torn condition of 
both esophageal ends the procedure was terminated bj left cervical esophngostoim in nnticipa 
non of later esophageal reconstruction 

The following dnv a Stamm tvpe gastrostomy y\as done under local anesthesia, lending 
the tube out of the left side of the abdomen from the anterior gastric surface After an hour, 


•Dr G O Keller and W \ D 
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nnrmnl salim ga-tro-toma injection? Wire l»pra and tin infant avas tolerating full formula 
in gn«trnatoun 1>\ the fourth po?toi>cratiTe dnv flight upper pneumonia cleared gradutilh 
ami pomcdlin in- '•topped iftir "eiin dnva Thi Inin in' disilmrged on the fift\ aecond 
hospital d i\ wnglung t _’ao gram* ( 7 pound? 1 oume?l 
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turned after a week Gastrostomj fluids were begun the third postoperative day after several 
stools were passed and were gradually advanced from 0 5 per cent saline to full formula He 
took water by mouth the fourth postoperative day By the twelfth postoperative da} ho 
was completely nourished by mouth in the form of liquid and soft baby food The child 
swallowed poorly since he had no previous experience with the act Occasionally, if feed 
mgs were taken rapidly, several spoonfuls were regurgitated This was controlled bv 
feeding more slowly Barium sw allow (Fig 3) showed pooling of tho material in the 
colon transplant but a followup film aftor twentv four hours showed complete absence of 
barium except for a few flecks in the colon The wounds healed woll, and he was dis 
charged on the sixteenth postoperative dnv in excellent condition (Fig 4) V small 
fistula developed in tho neck on the twentieth dav, but was completelv closed after four 
weeks 



Pip _>—Case 1 Patient, aged 2 jears 5 months prior to esophageal reconstruction Gastros 

tomj tube Is In place 

Increasing difficult} in swallowing became appurent and Lipiodol swallow f° ur 
months postoperative!} showed complete stenosis of the cervical anastomosis between 
esophagus and cecum Fsopliagoscop} confirmed this The child was readmitted and on 
June 4, 1954, the corvical anastomosis was explored, finding a thin band of scar tissue 
completelv closing the annstomotic stoma The nrea was resected, and a new anastomosis 
was mnde between esophagus and cecum (three lovers of interrupted 5 0 silk sutures) 


lUlf \ND MIFRMW 


COI ON TRW'PLVNT IN ESOPH \GEAL 4.TRESIA 




The postoperative course wa- uneventful and the bnbv was discharged on the eleventh 
tn|xratni do\, eating well in small amounts As of Oct 4, four months postoperativeh, 
the babe continued to do well 

Cvse 2 —M V. ‘'Mil No 347SS1, the second child of a white 19 vear old woman, was 
born on Tul\ 10, 10 -, 2, neighing "over six pounds” At each feeding the patient vomited, 
choVeil, and became c'anotic On the third dnv she was transferred to Strong Memorial 
Hospital, weighing 2,799 grams The tentative diagnosis of tracheoesophageal fistula was 
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esophagus Rather than transplant the stomach into the chest a cervical esoplmgostomv ivas 
done On the following day a Stamm gastrostomy was performed, and feedings were begun 
through this on the suceedmg day The postoperative courso was benign, and the patient was 
discharged on the eleventh postthorncotomy day, weighing 3,000 grams She failed to gam 
weight and did poorly The patient was followed m the clinic and finally was adnntted to 
the hospital on June 21, 1953, weighing onlv 4,830 grams A complete study failed to show 
snv definite cause for her malnutrition This included stool fat and trypsin content, 
\ itamin A studv, intravenous pi elogram, glucose tolerance, duodenal aspiration for 
enzymes, gastrointestinal senes for entenc fistuln, gnstnc nciditv, and pepsin studies We 
were unable to build the patient up in the hospital, and, since she represented a poor nsh 
for surgery, she was discharged on Juh 31, 1053, hoping she could be built up on a 
celiac diet Discharge weight was 5,ISO grams, onh 350 grams oi er her admission weight 
of 4,830 



Flp -(—Cast 1 rntlent, fourteen dais after operation abdominal and conical Incisions well 
healed gnstro^tonn tube still In place. 

The third admission on Oct Id, 1653, showed her to be more malnourished, having 
loH OJO grams nnd weighing onh 4,560 grams on admission All of the studies of the “croud 
adnn'sion were repented Further studies included sain a nnnh«is, oral and intravenous 
glucose tolerance tests, gn«troseopv, Thorn tests, insulin tolcrnnco tests, and nitrogen 
balance studies No marked abnormalities were noted although there were one or two 
borderlino remits With a high calorie celmc diet and careful nursing, the patient stowh 
gained weight An extensive senes of tests relnting gastric response to a wide vnnetv o 



DUF AND M1EPAI AN 


COLON TRANSPLANT IN ESOPHAGEAL ATKESLA 
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. , mol) x-,. ,Vm. c,v,r e fire month {» not «*he finally reached a weight of 7,530 grams 
nnd <«f mod qmte robust and readv for *urgerv *he was prepared for surgerv in the same 
mnnrcr a« the patient in Ca'e 1 

On March 25 1^54 c^phaofol rrcnn<tmrUan was accomplished exactli as in the firM 
r , e Op-' 1 ration time four and one half hour- including frequent interruptions for 

movie* The po toporative coupe was verv benign except for a slight fever of from 
100’ to 101’ F win. li *uh«ided after the venous cut down was removed on the third dav She 
wo* put a a *ucher on the eighth dav and an oral diet was given on the eighteenth po=topera 
live da\ Mic had 'omc regurgitation mtermittcntlv which *he did not *eem to know how to 
handle After **h. was placed on «iv *mall feeding* dailv this was no longer a problem, and 
hr 4.»Ii gained weight prior to dmcl, irge On Aug 27 five months postoperativelv she 
wiijc 1 * 770 _rim- and w i= -tcadiU improving 


TECHVlQhF OF INTR ATHOR ACIC COLON TR AXSPLAXT ATI ON 

The preoperatne plan of operation a\ as followed The steps of the 
prm tdurc are discussed and lllustiated 

1 Preparation for operation consisted ehiefh m administration of Neoim- 
un md ^ulfathalidmc to prepare the lov>ei ileum and colon for section 
Penicillin was used as prophtla\is of mediastinal mtection 

2 /nemon into the abdomen vnth wide exposure At as obtained bA- nght 
paramedian rectus retracting incision from the xiphoid to Atcll belou the 
umbilicus (see scar in ITc 4) 

3 Ihaht colon mnlnhcnUon aa is i>erfornicd lit cutting tbe lateral ascending 
tolon and eital attachnunts and dissecting m tbe aansculnr retroperitoneal 
ana The hepatic flexure a\ is siiniluh dissected Atatli due care for the 
dimdinum This permitted the right half of the colon and the terminal ileum 
to he lifted out of the abdomen (Fig 51 

4 ( ollalrraf in*cular testing A\as done In placing arterial clamps on the 
right <olic artera nt n its origin {1 lg G) The blood supplv of the nght 
i ohm a\ as now obtained from the intact middle tohe arterv (forceps point to 
this) uni the ireadcs of the m irginnl arteri After ten minutes there were 
e\n Unit puls itiotis in the marginal artera and \es-,els supplvang the cecum 
md net Tiding colon 


5 1 1'jmuhclomq was performed while the Angular damp was in place 

rii. nu so ippi ndi\ was s ( ri dh ligated the appendix cut bctAioen a proximal 
Much tied 1 <t sdk ligature and dist il clamp and the appendiceal stump buried 

'■•\Min i purs( string uni suture ot 40 silk re cmorced b\ interrupted 
t u silk s n s d sutures 


i <s '' of th ' " in p.rfnrnusl Intw.-en two oblujueh placed clamps 

’ ! dn MU .11 A. ss.lv of tin distil lied imsinteiA md oi the peritoneum 
, •*; 11 ’ '"b>n AA.n ligit<d is well as the right colic arterv 

t th. ill O, oh. art, re Tin t. rmmal il. d stump w is turned m In a double 
suture Tin < don eoiild now h. swung up onto the elust wall to 

- 1 r m u wh U point‘In tr ns\. rsi , (> l„ n should b t nu 

T ,x.t,o of t), . ... o!.,„ w is earn..] n„ t tho kft ol thr midd , 

- —.-A ..'">,l,, JU n totliu, apnn! run The transit rse 
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Fig 6 —Right colon fully mobilized and lifted out of abdomen Forceps point to right colic 
arterj Ileocecal \ahe and appendix lie at lower left and transverse colon at top 



Pip c—Right colic nrtery and terminal Ileal arteries temporarily clamped to test vascular 
supply to right colon through middle colic artery (forceps at right) and marginal artery 



DALF CND sflEPMAN COLON TRANSPLANT IN ESOPHAGEAL ATRESIA dli 

mesocolon Avas aetmllv not cut doAvn at all The gastrocolic ligament to the 
right of the IcacI of section of transAerse colon Avas cut doAAm and its cessels 
tied 

8 End to-end lleiim-tnnsA erse colon anastomosis eras noA\ peifonned in 
tv o lacers, the outer of caiefulh placed interrupted 4-0 silks and the inner 
as a continuous 4-0 chromic gut lac er The ileal and transverse colon 
mesenteries A\ere appiovnnated Iia interrupted 4-0 silk sutures to preient 
''in ill hovel herniation The right colon eoukl iioa\ easih be placed on the 
* best v .ill to lllusti ite its length (1 lg 7l 


i—s 



\n • i*> tn> <li istnnl diss. i timi jo iurm a viiLst, rmi *, i 

«»* uj s i W ...n, r <(m , ,, th( ( ,' r ; mn< "** Per- 

r I,,s ' v < r'< K mil U„ mti -,<, r m-duMmU „) . ia<: cla 

11 111111 P'-'H posterior to the 
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Fie 9 Fie 10 

Fie 9—Anastomosis of proximal esophagus to cecum in neck, and of trans\ersc colon to 
anterior surface of stomach in process Open two lajer anastomoses were simultaneous!} 
performed bj two teams 

Fie 10—Wounds closed Gastrostomy tube remains in place Upper neck wound was 
esophaeostomy site and lower wound was anastomosis site. In the second case onlj one 
wound was made in the neck 

sternum enteied with the fingei At the cephaled end of the abdominal 
wound the tip of the xiphoid was exposed and by combination sharp and 
blunt dissection a plane developed just posterior to the periosteum of the 
xiphoid process Blunt finger dissection was now earned out both from below 
and above keeping close to the postenoi sternal periosteum A stay sutuie 
was placed in the tip of the cccum, and the cecum was pulled up through the 
substemal anterior mediastinal tunnel by means of this stay sutuie (Fig 8) 
In the second case this stav sutuie w r as omitted, and the cecum was pushed 
through the tunnel by hand The team was divided m half and the following 
two steps of esophageal colon and colon-stomach anastomosis carried out 
simultaneously 

10 Anastomosis of proximal esophageal pouch and cecum was performed 
aftei mobilization of the esophagostomv and excision of the distal end This 







DU* iXD «HFRM\x COLON TRANSPLANT IN ESOPHAGEAL ATRESIA 3n 

anastomosis was done cntirch tilth interrupted 5-0 silk and consisted of three 
hAors There Mas no tension on the suture line at the end of the procednre 
Fur 0 illustrates both this and the following step m progress 

11 Incisfmnosis »f transicrsc colon and stomach was performed near the 
hssrr tun iture low on the anterior surface of the stomach with an outer 
1-nrr of interrupttd 4 0 silk and internal continuous 4-0 chromic gut The 
trms\ersc colon now arched upward from the anterior surface of the stomach 
and passed between the lobes of the li\er up into the anterior mediastinum 
l’alpitmn of the colon and its \ascular supplv through the middle colic 
erten showed no tension existed 

12 }\ovn<l closure 'Wounds were inspected for accurate hemostasis and 
ilosed with interrupted 4-0 and 5 0 silk sutures (Fig 10) The gastrostomv 
tube rein mud in place smee this had been walled completelv out of the field, 
and it li id not been necessary to dissect the stomach away from the anterior 
ibdoninnl wall 

11 \ rail creimtncihon of the chest revealed 75 per cent left pneumo¬ 
thorax m the first case and In per cent left pneumothorax m tlie second This 
was nramed h\ simple needle aspiration and the lung re-expanded complete!' 
at onei This pneumothorax was the result of mediastinal dissection, winch, 
although done ns dcluatch as possible, was ‘ blind'’ and ruptured the wehlike 
pl< un Desjute the aljsenee ot physical signs, it must be suspected after this 
dls-s( < t mil 

\( the conclusion of the steps outlined aboac the proximal alimentary 
<and ot the child was reconstructed while a gastrostomy tube remained in 
place for hiding purposes and as a precaution against anastomotic complica¬ 
tions There were the suture hues namely (1) upper esophagus to cecum 
distal stump ot thiun (!) appendiceal stump (4) traimerse colon to 
stnmuli and <m llutm to transyerse colon The condition of each child was 
good The chut blood loss occurred during abdominal incision and was re¬ 
pined through the s»phutnus cannula Operative time was approximate)' 
u>ur hours m ene h e eve 


VW X' IV s 

1‘rim ir\ < ml to md esophageal anastomosis continues to he the best 
r* (oust tin tin procedure for esophageal atresia This report m no wa' 
noluaus thit w. h 1 1 otherwise if the pnmar' anastomosis can be aceom 
Phsh.d with re as 'liable expedition oi final sum vs Howe'er if there is 
• rioiis d uiht r* l \rdniL the vinlnht\ of the anastomosis or it such is im 
V si , < many h due s < to he salvaged 1" delay m the reeonstruetion procedure 
uuu l sini 'ta cerunl esophngostoiiu and feeding 'in gastreestonn 
,n n * onsinu tmn , s preunbU to the risk imposed hi a 
^ ^ the 

., w !i ; Vr s,iwuM —- *..» 

sV,i, .-.s i , 111 1111 »<ck was handled 

. . lun th,n K >',irathe,rar K anasto m <e M „ 
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which might lead to mediastinal abscess The pioblem of stasis encountered 
in the second case was overcome clinically by reverting to frequent small 
feedings and gradually building up to a full three meals a day How ever, 
cmefluorographic studies of a Lipiodol swallow showed continued slight 
delay of the passage of Lipiodol into the stomach and duodenum 


CONCLUSION 

Two successful cases of mtrathoracic transplantation of the right colon 
to reconstruct esophageal atresia aie reported The lationale of the procedure 
is discussed The operative steps are detailed Our initial success encourages 
further use of the operation in similar situations 
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HERNIATION Or THE LIVER 

A < U 1 "ON lid UVsDMt, 31 I) e VXD D VV1D J DkGVA 31 D ** 

0 VKL.VND, C'VUF 

H LRM VTFO\ of the lnci tin ouch the light loaf of the diaphragm though 
still nrc is being lepoitod with increasing fiequencv Although Hed- 
hloni' found onh 14 111 st im os of In or herniation in S37 cases of diaptuagmatic 
hirini md onh •> additional cases had been reported up to 1951 • several case 
n ports h n o appoirod suite then'* The combination of mcreasinclv seveie 
trauma associated with nitomobile accidents and the more expeditious and 
idequ itc tit itinent of the attendant shock, wath survival of the patient makes 
it bhelv that tins condition wall be mcreasinglv encountoied Likewise chest 
sun t v s of the population and 1 outinc hospital admission films wall undoubtedlv 
brim: to lurlit main previouslv undiagnosed and as vet asvmptomatic cases 
Tin position and appear nice of tbe hcimated liver are such as to suggest an 
intr nlmrat ic tumor cither of the lung or diaphragm and the dngnosis itself 
though suspected linv bo difficult to eonfinn without tlioracotomv In the 
pest si\ voars v c have hid the oppnrtnmtv ol heating foul proved cases of 
hepitn hernntion Lath of these posed a different problem and from tins 
experience we fc d < ert nn conclusions can be drawn 


CV^T KH’OItTS 

( vsr 1 —H I \\ i Vi sear old white man vra* admitted to ti\e> Oakland Veterans Ael 

"nil 'r ifinn Hc'pifal ore Tune 1<1 1017 White rro"ing a Inghwnv on Tune ]4 IO 47 he ivne 

<r “ ' b in nntnmnlnh nnu im hn-pitnli 7 ed at a counts hospital nliere a eompound fracture. 
’ ! d rich! nln end tiheih vas treated He \\ e« um on?' - inu« anl when In- condition per 
n ’** ' 1 1 i- l”" isf• rr>sl 11 tin lio-j tt d On tin Ortliojicdie tm vno revealed frae 

1 ir< oft! re Jit tdia in 1 tihula m poor pa itinn and tin s, nrn romaed V routine chest 

Ml I 1 nln 1 II I r« teal a) elivatiem of tin re Jit leaf of tin diaphragm and an oval den*m. 

I , It mil „f (!, soft 1 1 ti< partiaiu . paral-h from tin di ipliragmatic shadow and extend 


~ ' ’’| In 1 nf th ninth rill in tin nrfiojhn ne anj Peem-e of the patient = ortleo 

s 1 ' '’to i re. fort) i r etc ntimi ' as [ ml to tin* finding until \ov> ml>cr 1047 nhen he 

-,* r ' r ■*' t of ’arp j un m th. njit tipper q, idrant which me se\p r , nn ,i enlirki 

r ' ! V? T * ^ ^ Tin* tin* of ^ \itnn<l 
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nr the In nr There ivns a little difficult encountered in clearing up the neck of the dinphrag 
mat it op. nine, which measured about 4 inches in length and ran in a diagonal direction from 
the rardmn angle laternllv and antonoTlv Some difficultv ten* experienced m reducing the 
herniated portion of the liter Superior to the constriction, the liver had a gran'h appearance 
j lu.M bi interference with tlie circulation The herniation ttns reduced and the opening of 
the diaphragm rinsed with mattie** suture* Prior to this procedure the phrenic nerve tvas 
crushed ottr the perieardium for purpose* of obtaining better relaxation An intercostal 
entheter tra* placed m thi* *pace for drainage pnrpo=e* The patient made an uneventful re 
covert and when last *een at tin* ho*pitat, in 114S, bad no complaints referable to his chest or 
aMomi a 


f’t*r 1 —F 0 a 10 tear old white man, wn* admitted to the Oakland \eternus Ad 
ministration Tto*pital on Tune 4 11T1 complaining of left eo*torertebral pain associated with 
fever He had a ln«ton of renal calculi dating back to 1137 and hnd had several previous 
ho'pitalmation* for the *ame complaint Hi* pa«t hi*torv Tevealed that m 1144 he ivns throivu 
from in automobile md *u«tnined a bead miurv and fracture* of both clavicle* *everal nb*, 
and the right pubic ramu= In ]14"> lie iva* hospitalized elsewhere for bilateral nephro 
Iithta*i« and a ncht nephrolithotomv wn* done During thi* procedure the right pleura tvas 
acenh ntnllt nicked and imnicdiat.lv repaired but a pneumothorax resulted and a small ma** 
adjarent to the right he rt border tthirli bad 1>een overlooked on the routine film liecame ap 
] ir> nt V liurium enema \\n* done wln.h *liottnl no eonneetion liettteen the ebc*t lesion nnd 
tin colon Vo further studies more made at that time He to entered that hospital on Sept 
11 I'HI for further investigation of hi* ehe*t lesion A ga«tromte*tinnl *enc* and chest 
fluoro'enpt mealed a «harplv rir. um«crilied rounded ma** ovcrlving the right diaphragm 
tni liallt and antenorlt apparentlt attnelied to the diaphragm, but not to the heart It eras 
of uniform duiMtv tbrouguout and formeil no part of the gastrointestinal traet He was dis 
charged a« ‘ tumor of the diaphragm nature uuderterrained ” \t the time of admission to 
this ho pit iJ the che*t sru dig* T and O showed that the ma*= hnd increased in *ize 
though it slid mi usvmptornntie Rronchoscopv vm* intirelv normal, and n diagnostic pneu 
mop. rilnrmn showed ur under the right diaphragm digs 7 and S') but not in the chest or 
nlmi. the ma«< On lull 10 P'Tl a thoracot imr wa* performed Under endotracheal nne* 
the m with the patient supine and the right side «lightli elevated an incision ma* mnde 
through iho fifth inti rcostal *par. lib spr.ader* were insert, d The mass soon In v rav 
pm. 1 to U -v C. ntral diapliragn atu hernia cm in diameter through which incarcerated 
lu.r froj.vt.s) Tito nw j n f ( ] ir , hernia wa* ,, n t , c j,t and adherent There vvn* no defect 
throng!, uhi !i air "mil p ,*s lli, 3 c nccounting for the mabilitx to demonstrate the hernia on 
[ luumi.js ntone im Tin bier m« freed from adher.nt diaphragm nnd during tin* procedure 
a ‘rail r nt i ,* mad. in the birr capsule Tin* wa* filled with G.lfoam nnd ratured in place 
1 Mraun, .t, ca, t The lu.r wa* r, turned to jhe •l.dom n and the diaphragm repaired 

cn, V! ?r U ; i n ", mMU ' * M,tUn ° f Nn 20 cnt,on T, "> Phrenic nerve was 
. , ' p r 0,nl ‘Hainag. tul* pla>>d d. pendentL and connected to an underwriter 

■ r ion rlosol in lai. r* with cotton Tim patent made an uneventful recover! 
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Fig 5 Fig C 



Fig 7 » 

Firs 5 and G Cnse 2 Note large mays in right chest adjacent to the heart. 

Figs 7 and S Case 2 \fter pneumoperitoneum lias been induced Note mu«hroom 

mass on lateral \Iet\ Fig S 
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,tr (.right blood nnr pus in Vic “tool" In 1<M1 an epi'ode of dvsenten occurred for which he 
«n ho piialir. d at the San Diego Xaval Hospital for a period of one moDth. From 1D43 on, 
the patient eontiniini to hare three to four 'oft. nonbloodv stools doil), but everv two months 
• w “o tier 1 nuld 1-" n reenmme of diarrhea wnh passage of from “iv to eight waterr loose 
‘te-oL dail» h.nh l*nut lumld last unvuhere from one to three davs, subsiding spontaneonslv 
The epi*odi« seemed to be ccmrbated bv otenndulgenee in wln=kev or the ingestion of im 
) rop r food \t the tge of 2 tear*, the patient had l>een run over bv an automobile while 
)tin„ fa < dnun on tin ground The uheol wn« “tated to Imc pa«“ed over the loner portion 
of In- rlu t Although he recalled no definite detail* of tin* e\ent he was told bv his mother 
tli it 1 wa>* v r\ “i h at tl e time an 1 had lnam hospitalized for ten dai * 





'*■ Fig 13 

Cnee 3 The pneumoperitoneum emphasizes the mushroomllke mass representing the herniated IK or 
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and the right coronnrv ligament, which wits adherent to it The sac of the hernia was trimmed 
at its adherent portion about the neck and the dome of the liver The liver was returned to 
the abdominal caviti and the diaphragm closed over bv mattress sutures Palpation of the 
liver r< venled no abnormalities ltis postoperative course was uneventful and he was dvs 
■ harg< d from the hospital on Xov 30, 1 °j3 

t vsr -1 —G \ t , a 5<i vear old white man was admitted to the Oakland Veterans Ad 
inmi'-tratimi Hospital on Feb 23, 1034 He complained of weakness, anorexia, weight loss, 
nnd for tin past m\ months, an irnt itmg hacking nonproductive cough with exertional 
di-pnea In 1"53 he was m an automobile accident sustaining fractures of the eighth and 
ninth nh« on the right, nnd requiring a thoraeouteM« He had prevtou^lv been hospitalized 
elsewhere from hob 2° 10 4 n to April IS, 1040 , at which time nn xrav of the chest revealed 
old fracture^ of the right eighth nnd ninth ribs poMenorlv, nnd a mass at the base of the right 
lung No dmgno i« of tin miw w-i- made Vt tin. time of adum-ton to the Oakland VA 
lb qotal an van of the cluct (Fig* 14 and lot disclosed the presence of a mass on the 
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DISCUSSION 


UvAmv —The etiological factor m all our cases was sea ere trauma to the 
tli,ir i\ umitII' lssoeiatod with multiple rib fractures Although the historv 
oi trunm mu he rcadila obtained o\en after mam a ears, m one instance 
K is, t) onh niter close questioning was this information elicited Congeni- 
t d detects in the right leaf of the diaphragm mas allow the liaer to herniate 
through it and such cases lme been reported c The probabilities are that such 
In Filiations would produce symptoms and be diseoaered long before the mdi- 
aidual rc lcbed adult life 

t'wnplom *—It is interesting to note how long the patient can remain 
samptum free after the trauma occurs The time interval between the tiau- 
m iin episode and surgen aaricd in our cases from free months to tlurta-thiee 
u irs In the case reported ha Child and Ins associates, 1 the traumatic hernia had 
memred torta lour aears pnor to operation although gastrointestinal symp¬ 
toms hid been present for onla twelae aears ^mularla in the ease described 
b\ ktioe pp 3 tr nima bad oicnried eighteen aears before suigera Symptoms 
hi un onla when the mass imiernes sufiieientla m sire to pioduee eaidiopul- 
tniiii trs embarrassment 3 or n sufficient constriction occurs then right upper 
qu idr vm p nu or substernal distress maa result due to interference saith the 
blood siippla nml the production of earla strangulation of the liaei substance 
Him has bent reported ha "\Yolfson and Goldman - ‘•nmilnrla m our first ease 
definite impairment eif oireulation was noted at the tune of operation The 
live r 1ml a gi rush eolor as Inch rnpulla disappeaied ashen the constriction as as 
mul \ hiopsa ot the listr at the tune oi snrgera reacaled normal liaer 
p ire tie ham i It mis bo that the onset of symptoms long after herniation lias 
nnurreii is i iumiI in part ha the descent ami flattening of the diaphragm 
s 1m h «m nirs with ignig and leeeunpanaing cmphascina 

JbnonoMs — \ earelnl lnstoia inquiring as to the possduhta of seaeie 
ti unin is most import mt 1 requentla the linura lias taken place so main 
'* ‘ r s mo tli it the patient nils to uenll it or feels it has no connection asith 


his pr, s, nt eomplunts Mie h as as the situation m Case 1 asliere nftei the 
di i-itosis w is e nte rt mud s su fed questioning of the patient rea e.ilcd a lust ora 
of s< s, re tinum i at tin u.e of2aeirs The presence ot a mass ns seen ba \-r.n 


i i- 1" nod <>t a, m aslmb Ins been relatiseda ass mpteunntic n not entirels 
s si,Hill,1 iIm, hi ike on, suspie ions of tills possiluhta In eaera mst nice a 
Hi r h te risim pt, tore oi a e'iriuinserilud rounded invislm>eunliko mass laing 
do - Hi. dnphrmn mid intmnlrh assaulted with the right heart border is 
" n ,l1 ' x 1 " " ' ns ' H ' n suggested ha numerous authors' * tint pneu 

mq . ni.rn um is me',, 11, ut t<*„l ui (lie elngnosis of tins condition Portends 
’, ' ' rummm m imbued and air e nters the tlmrsv a run must he pres 

m l,S mnn “' tr itcd m < as, i Ttmusthecmphi 

m m. . ’ ... ;V‘ , " Hiding ,nd , t,ul,, eonstn, t,o„ 

p . h '\ r no n,r I"- through into the ehest 

.. 1 O' (In-",' ), ,, 
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stzessed that while this test may he of positive value in demonstrating a com 
mumcation between the abdomen and thoi ax, the absence of such commumca 
tion does not in any way exclude the diagnosis Our second, thud, and fourth 
cases demonstrate this point very well Pneumopentoneum, howeier, does 
emphasize the ehai acteristic mushroomhke mass which is seen on the \ rav 

Treatment —The treatment of this condition is the same as that for nnv 
other hernia A thoractomy should be performed, the liver letuined to the 
abdominal canty, and the defect repaired This is a simple procedure, does 
not requne piolonged hospitalization, and definitely establishes the diagnosis 
The symptomatic ease requires immediate surgeiy because of the possibility 
of strangulation This is well-demonstrated by Case 1 wheie definite impair 
ment of blood supply to the herniated liver was noted at the time of operation 
until immediate return of normal color when the herniation was reduced In 
our second case, the lesion had been diagnosed elsewheie as “tumor of the dia 
phiagm” and caused the patient considerable anxiety The impossibility of 
makmg an absolute diagnosis without thoiacotomy led to the lepan of the 
hernia and the relief of the patient In out third case the patient had been 
tieatecl on numeious occasions for amoebic abscess because of a histoiv of 
dysentery while serving in China in 1937 and the presence of a “bump” on his 
In er as seen by \-i ay In fact, his complaint of “something pushing up on the 
right side of the chest” was interpreted as meieasing tension of an hepatic 
abscess The failuie by numeious physicians to properly establish the collect 
diagnosis led to ftequent periods of hospitalization, loss of ivoik, and recurrent 
couises of emetine The fouitli case had fiequent admissions to hospitals with 
vague symptoms lefeired to the right upper quadiant of the abdomen, and 
yvithout a propei diagnosis 

We do not feel that this lesion should be allowed to remain because it is 
asymptomatic at the time of discoy'ery Ceitainly oui experience as well ns 
that of others has shown: that symptoms do become appnient and tioublesome 
years after the lesion is first found 

SUMMARY AND CONCLUSIONS 

The piesenee of an asymptomatic mtiathoiacic mass in the light lower 
chest poses a problem m diffeiential diagnosis One of the conditions to be 
considered is hepatic herniation This is lare and, m adults, usually follows 
severe ti aurna It mav be asymptomatic for years, first being disco: ered dm 
mg the course of a routine chest x raj Occasionally symptoms oecui con 
sisting essentially of pain in the right upper quadiant of the abdomen 01 acioss 
the right loy\er chest This may grow m intensity and is usually secondary to 
the inei easing size of the mass with encioachment on neighboring structures 
or strangulation of the lnei In practically e:erv instance the x-ray presents 
a typical appearance, that of a cucumscnbed, rounded, mushioombke mass 
hung above the diaphiagm and intimately associated with the right henit 
border Though pneumoperitoneum may help in establishing the diagnosis 
in earlv cases, frequently the lent m the diaphragm is sealed off by the large 
mass of livei protruding through it Howeier, the use of pneumoperitoneum 
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dots sene to emphasize the characteristic x-ra\ appearance ol the lesion 
P.arinm enema eastmmtestmal senes, chest ilnoroscopv and bronchoscope 
arc useful m excluding other diagnoses A careful history mquinng into past 
sp\ ( re truiuiii is of the utmost importance ‘-hnct these lesions tend to in¬ 
crease m size o\er the a ears eventually producing svmptoms and the possi¬ 
bility ol messing a tumor is aluacs present it is urged that all suspected hepatic 
h< millions lie explored and corrected 

\\> in milthtisl to Mi-* Mantle Greenwood Clnef, Medical Illustration Laboratorr and 
o Mr 1 tel I Mn pier, medical photographer, for the c rav reproductions 
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FIBROSARCOMA OF THE BRONCHUS 
Report of a Case 

C 0 McEachern, M D, R E Sullivan, M D, J E Arata, M D, 

W D Griest, M D , AND R B Smith, M D 
Fort Wayne, Ind 

P RIMARY fibrosarcoma of the bronchus is a lesion of considerable rarity 
Whereas in the older medical literature reports of pulmonary fibrosarcoma 
were quite frequent, it is now known that the great majority of these reports 
actually represented undifferentiated carcinomas, or lymphosarcomas of the 
mediastinum with extension to the lung 

Adler, 1 in his book published m 1912, listed ninety cases of pulmonary 
sarcoma The lack of accurate pathologic deseuption made it impossible to 
establish a smgle one of his cases as being a primary fibiosarcoma of the bronchus 
In a renew of the literature in 1931, Ball 2 found fourteen cases of pul 
monary sarcoma and added one case of his own In a detailed analysis of these 
cases, howeiei, only the eases of Ball 2 weie found to he adequately authenti 
cated But even these two cases so extensively involved the lung that their 
exact sites of origin could not be defined accurately 

In 1950, Black 8 was able to find only five authenticated cases of primnn 
fibrosarcoma of the bronchus m the entire medical literature To these he 
added one case of his own In the same journal m which Black’s paper was 
published, Carswell and Kraeft 4 reported an additional case 

Stout 5 has greatly clarified the somewhat confused picture of fibrosarcoma 
He has pointed out that the tumor is pnmai ilv characterized by the formation 
of collagen and leticubn fibers m varying amounts The individual cells are 
usually spindle shaped, and mitotic figures are rare since the tumor is usual]) 
slow growing The presence of giant cells is uncommon 

Stout 5 recognizes two forms of fibrosarcoma, the well-diffeientiated and 
the poorly-diffeientiated In the well differentiated tumors the collagen and 
reticulin fibers are wrapped around the cells, and these bundles or cords of 
spindle shaped cells and fibers are usually arranged m gentle curves, but abrupt 
changes in direction of these cords may occur giving the appearance of whorls 
on cut section to which some authors have given the name “neurogenic fibro 
saicoma ” The cells of the well-differentiated tumors are uniform without 
much hyperchromatism, with well-developed collagen and/or reticulin fibers and 
few or no mitoses In the poorly-differentiated tumors the cells are close! v 
packed with little or no collagen and only delicate reticulin fibers There is 
some In perchromatism, and mitoses are frequent 

Of the five cases of fibrosarcoma of the bronchus reported by other authors 
and listed b\ Black, 5 in onlv one was pulmonary resection attempted The pn 
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tient liwacr died durintr surgerv of pulmonarv hemorrhage In another ease, 
no treatment was given In the three remaining cases the lesion was removed 
cndo^opiealh In Blacks case and in the case reported by Carswell and 
Knelt * pneumonectomies were performed 
liclenirr, DeBahev and associates' reported one case of a neurofibrosarcoma 
nmoied In pnenmonectomv with a survival of twelve years, but the site of 
onmn 01 the tumor was not given Stout- would classirv this as a fibrosarcoma 
Milion' * reported two cases of fibrosarcoma in which pneumonectomv was 
periormed but in each cue it could not lie definitelv established whether the 
legion tfc pnmnn or metastatic 

The pauciti of reports of proved pulmonan fibrosarcoma leads us to re- 
pnn a casr which we belieic to be a well-aerified priman fibrosarcoma of the 
brow litis tor cinch a pneumonectonn was penormed with survnal of thirteen 
months to date 




«*" the journal of thoracic surgery 

interlobar fissure and lingula A biopsy of the mass was taken which was reported on 
froien section to be malignant A pneumonectomy was therefore performed The patient’s 
postoperative course was entirety uneventful, and he was dismissed from the hospital on 
the tenth postoperative day 

At present, the patient is alive and completely asymptomatic, thirteen months following 
surgery 



Fie 2—Gross photograph of resected specimen The lumen and the involved bronchus 
have been sectioned longltudlnall} and the halves spread apart The tumor surrounds ana 
causes stenosis of the segment of bronchus seen passing horizontal^ across the upper third 
of the figure. 

Gross and Microscopic —The gross specimen consisted of a lung weighing 260 grams 
There was a tumor mass arising from the superior branch of the lingular bronchus This 
mnw was demarcated from the surrounding tissue but not encapsulated, was roughlv spherical 
in slinpt It measured 2 5 cm in diameter and completed surrounded the bronchus, which 
was eccentricallv placed in the tumor There was a marked stenosis of the bronchus with 
ulceration and loss of bronchial mucosa (Fig 2) Section of the mass showed it to bo 
vcllow white in color, moderate]! firm, and noncystic, with masses of tumor tissue organized 
in whorllike formation 

Microscopicallv, the tumor showed numerous bundles of elongated fusiform cells which 
interlaced and anastomosed freety with each other In the individual fascicles tho cell* 
showed a mild degree of pleomorplusm, although the mnjontr of cells were spindle shaped 
Many nuclei were mnrkedlv enlarged, hvpereliromatic, and s] 10 wed bizarre configurations 
Abnormal mitoses were scattered in small numbers throughout the tumor The bronchial 
mucosa was absent, the bronchial surface being made up of tumor tissue Beneath tho snr 
face n few bronchial glands could be seen surrounded bv infiltrating tumor (Figs 3 5) 

A Masson stain demonstrated the production bv the tumor cells of a small amount of 
fibrillar intercellular collagen, and a Wilder stain showed a large amount of reticulum 
throughout the entire tumor 
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DISCUSSION 

We aie m accord with Black 3 in believing that these tumors, despite their 
often slow growth, should be removed by pulmonary resection Endobionclnal 
removal of these lesions, when feasible, m no waj r assures then complete removal 
As in other neoplastic diseases of the lung, radical suigery provides the best 
hope for cure 

SUMMARY 

1 A brief iesum6 of the medical literature on fibrosaicoma of the branches 
is presented 

2 A case of primary filnosaicoma of the bionchus, tieated by pneumonec 
tomy, is reported The patient is alive and well tlmteen months postoperatneh 

3 It is believed that pulmonary resection is the rational method of treat 
ment of pulmonary fibiosarcoma 
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TJIL CVLSLS OF DEATH FOLLOWING ESOPHAGEAL EE SECTION 

FOP CARCINOMA 

LhwmiiF P\PKm II1) wn Loi n B IfxkixsMD 
f'll MILKSTON, S C 

T HE surgical 1 mini cut of primary epidermoid eaieinoma of the esophagus 
his huu found 1o he extrcmclr unsatisfactorr m our experience With 
few t\uplmns ah of our patients with carcinoma ot the esophagus hare pie 
si nt> d themselves m «\ modorateh se\eve to severe state of dclwdiatron and mal- 
lmtutmu A lnuli proportion of the tumors are situated m close pioxiniitv to 
the region of the aortic arch and the bifurcation of the trachea The technical¬ 
ities involved in the extirpation of tumors m this region when combined with 
restoration of the nhmentarr tract in a single stage operation aic more com¬ 
pile atcel than in the lexs freqncnth involved terminal esophagus Even so, the 
salvnap rate might he more presentable weic it not for the fact that the operative 
mort ditr rite has been rerr high In those surviving, the long-term lcsults 
hare been rerr poor ,n Others 1 ' 14 hare leported a somewhat sinnlai ex- 

prntm e 

In m attempt to find some reason or icasons for the extiemelr pool results, 
we lure anal v red our e i«es ruth particular regard to the causes of death fol¬ 
lowing treatment In resection 

In the 1J 1 j rear period between Tan 1, 10-10, and June 30, 1933, 210 pn- 
tiuits win olnerud ruth lustologieallv piored epidermoid carcinoma of the 
esophagus Wo hare observed no cases of adenocarcinoma primnrr m the 
esophagus No ease of ndeuoearcmonia of the stomach invading the esophagus 
is mi ludi <1 m this scru s 

The relitire uieideine of primarr opidei motel carcinoma of the esophagus 
and pninarv m digit tm ies m the stomach, colon ree turn and other sites has been 
rtpoU<d m m mnhsis of an earlier scries 40 In our experience carcinoma of 
tie fsoplutus is the most common indignant neoplasm m the nhmentarr tract 
\1 m» hi the sime report observ it ions were mule on other features of careinoma 
e<i the ts„pli n.tis not iblr its great prcpemelcr in<e in the Negro the high m- 
e nli m < of involve tin m oi the region of the ireh of the aort i and the methods of 
eh tctiosis tn it mi nt ami results 

Tin uppermost leu ]s of involvement of the esophagus m l'f) ersesm nlmli 

it i.mid h. d« termini .1 nt i urate lv arc shown m Table I 


Tr 1 lurt nr Inin s 



374 


THE JOURNAL, OP THORACIC SURGERY 


Table II Operability and Resectability Rates 


Cases 

210 


Inoperable 

138 

(66%) 

Operable 

72 

(34%) 

Nonresectable 

29 

(40%) 

Resectable 

43 

(60%) 

Palliative 

32 

(74%) 

Curative 

11 

(26%) 


The operabihtr and i eseetability lates foi the 210 cases aie shown m Table 
II The leasons foi inoperability were the wide extent of the local lesion (such 
as invasion of the trachea 01 of a bionchus), distant metastasis, or both, or se 
\ere malnutrition without improvement on theiapy Of the lesectable cases, 
only one in four could be consideied to have had a theoieticallv cnratne resec 
tion The 11 cases having a tlieoieticallj euiative resection lepiesented onb 
5 2 per cent of the entire group of 210 cases 

All of the eemcal lesions exploied weie found to be noniesectable 

There weie 43 cases with involvement of the thoracic esophagus treated bv 
lesection Eailj in the senes theie weie 4 cases tieated bv the Toiek pioceduie 
The remaining 39 cases weie treated as descnbed heie In one case, a two stage 
operation was peifonned At the first stage, the stomach and esophagus weie 
mobilized tluough a median sternotomy in continuity with a vertical upper 
abdominal incision At the second stage, using a light thoiacotomy approach, 
an esopliagogastiostomj was perfoimed above tlie level of the aich of the aorta 
In one case, a right antenor thoracotomy appioach was used, aftei mobilization 
of the stomach tluough a separate abdominal incision, until lestoiation of con^ 
tmuitv bv an mtiacei vical esophago esophageal anastomosis The iemammg 37 
patients were treated by restoiation of the continmtj of the alimentarv tiact 
in a single-stage operation tluough a left thoiacofoniv appioach, using the 
stomach to leplace the resected poition of the esophagus, except in tliiee eases, 
as follows an esophagojejunostomj m the neck was peifonned in one, a plastic 
tube 1 was used to leplace the leseeted portion of the esophagus in another, ant 
an esophago-esophagostomy in the thoiax without tiansplantation of the stom 
ach* was peiformed m anothei None of the patients treated bv lesection had 
had a preliminary gastiostomv 

The mortality lates in the cases tieated by lesection aie shown in Tabic III 

Before pioceeding yyith an analysis of the causes of death following icscc 
tion, n must be said also that m the 29 cases which were opeiable but non 
resected, there weie 5 deaths as a direct lesult of the opeiation and 2 deaths 
after recovery fiom the operation but pnoi to discharge from the hospital The 
moitalitv late as a dnect lesult of the opeiation was 17 per cent The causes 
of death in the 5 cases weie umclicvcd tracheal obstruction in one, postoperative 
shock and empyema in one, uncontrolled hemonhage due to laceration of the 
"aorta in one, blood tiansfusion icaction m one, and hemorrhage from the trachea 
in the presence of a tiacheotomv in one The causes of death m the 2 eases m 
which death oeemred following opeiation and before discharge from the hospita 
v\as inanition 
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T ho ot death in the 24 cases of carcinoma ot the thoracic esophagus 

iro-'twl h\ relation arc shown j» Table IV It ml] he noted that in 11 eases 
**‘ipwm' developed on the opcratne side Mm otlen this was due to lailure of 
In alm_ <>i dm nmMomo^iN with e'Oplneopleuml listul- 1 The resulting empvenia 
did no, ttitp-n r follm me the institution of adequate drainage and di'contmu- 
uio ot ord to. dittos Pin literal leodimrs or journal tecdmtis were substituted 
lb- MUtnl iodines \ .r« ci\cn citlnr In 1 tube pissed transtuisalh into 
t‘" wjutimn or In jcjunoxtonn 

Tin Inch nmrtahta rite follow me n-eition warrants a miew of the status 
oi tin 1 -itmnts .,n •’dimsv on and oi our methods of preoper>tne thcrapi op- 
<r in. i>a hnnpn md pnMoperi.ne tin rapv 
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weight loss expressed in terms of the percentage of total body weight averaged 
17 per cent, with extremes of zero and 43 per cent In contrast, m the 19 pa 
tients who survived resection, there was no significant difference in the same 
observations 

Many cases showed hemoconcentiation before hydration, as one would e\ 
pect After hydration and before blood transfusions, anemia was present m 
14 of 24 patients who died following operation Anemia was present m the 
same degree m those who survived resection 

Abnormalities m the serum protein deteimmations were noted in 8 of the 
22 patients m whom determinations weie made, among the 24 patients who died 
following resection There weie noted a reduction m the total serum proteins m 
4 cases and a reduction in the albumin component m 7 cases, vamng from 
slight to marked, with reversal of the albumin-globulin ratio in some In con 
trast, among the 19 patients who survived resection, serum protein determine 
tions were available m 12 In none of the 12 cases was there a reduction m the 
total serum proteins, but m 7 of the 12 cases the albumin was reduced, with ic 
\eisal of the albumin-globulin ratio m sexeial 

Serum sodium, potassium, and chloride determinations weie normal m all 
patients on whom such determinations were made, except in one in whom In 
ponatremia and hvpokahemia were present on admission This condition was 
corrected easily and promptly 

In addition to carcinoma of the esophagus, a total of 17 diseases was found 
m 16 of the 24 patients who died following opeiation Hypertension and sig 
mficant artenosclerosis were found in 4 cases, uncomplicated hypertension alone 
in 2 cases, diabetes in 1 case, unexplained hepatomegah in 1 case, nephi osclcro- 
sis with a blood urea nitrogen of 30 mg per cent m 1 case, transient, pneumonia 
in 1 case, chronic osteomyelitis of the femiu m one case and chionic alcoholism 
m 1 case None of these was eonsidcicd to be a contiamdication to operation, 
and in none who died was theie anv concrete evidence that am of these abnor 
malities had contributed to death 

In contrast, m the 19 patients who sin vi\cd esophageal lesection, theie were 
6 patients with diseases other than carcinoma of the esophagus Two had hvp cl 
tensive caidioxascular disease, one had pulmonary emphysema not clinical]' sig 
mficant, one had a positive Wassermann, one had gianuloma mgumale, and one 
had a nodular goiter which was removed prioi to esophageal resection 

In only 1 of the 24 patients who failed to smvive lesection was there am 
evidence prior to operation of extension of the tumor bevond the esophagus 
which could be ascertained bv clinical or accessory examination The one case 
had a firm palpable supraelaviculai lvmph node which was not lnopsied 

PREOPERATXVE THERAPY 

Restoratne therap' consisted of the administration of intraienons fluids, 
or of forced feedings ua a tiansnasal inti agastric Levin tube supplying pro¬ 
teins, fats, caiholndrates, and iitaimns with pionsion of as mam calories ns 
possible, of blood to coirect anemia, and of treatment of associated diseases 
when indicated Therapv was continued from 4 to 61 day's preoperativcl' m 



i srnrr vxn iksmns death after esophvgeal resection* on 

the 24 patients who died following resection The average duration of therapy 
in tlm-e who died was IT dais The average duration m those who suruved 
was 10 <la\' .nth extremes inning from 2 to 30 davs 

Despite this period oi preoperative tlierapi the mean weight gam was onli 
1 ix.mid m the 24 patient*: who died followimr resection The extremes were 
loss of ", pounds and gam of 10 pounds The 10 patients who survived follow- 
mu r«section also showed no weight gam m the aierage case with lariations 
imm 10 pounds lost to S pounds gamed lloweicr Ixitli groups showed a sig- 
iuti> mt preoperatnr gain m strength and ceneral appearance hv clinical ap 
pr u d uhu h < mild not 1 m? relateel to the weidit chances 

lloniimi d tlierapi" preopentiv elv was used m onlv 1 of the 43 eases treateel 
l.i n '•tv turn Testosterone was useel in this one m an eflort to produce a posi¬ 
tive mtmeen hnhuiee hut this patient died AC'TII and cortisone were not used 


oimvnvr techniques 

Th> operatiu teehnnjue for the Torek pwedure need not he elescnbed 
Midi tin eveptnm ol the first ease ope i ited on lltei M'orlel IV u IT (1040) 
the Torek proecdtires were pcrforinoil dinanc the wai m the earh periods of 
v-sf N-m<j tin suruual treatmein of < ireinoma of the esophagus ni tins mstitu 

t Kill 


The ope rat no uelnnqur useel m the mnjontv of cases has heen descnlieel 
m i pn Minis report ’ and the pre< we operations performed m all eases m this 
s rn-s hue l.eeii niimu rated The methoil oi anastomosis used was based on 
i iilnr e\j.e rnnent d work " 

In ino -1 eases hlood w is ciun intra\onon-h thronchont operation In 
lino, patients who dies! lollowuu; re seetion the tinotint transfuseel a i erased 
JtifKi ( < with extremes ot 7e ro in 2 e wes and 4 TOO n m2 eases In eom- 
pirison m those who snnind rv'eetion the averace amount of hlooel trnnsfuseel 
elm 111 . e.J.i r it loll w as 1 e 00 e e 

Intn <nous thuds other than hlood adnunisteroel elurinsr operation were 
r.-. orde >1 m 22 e.f the 24 eases, where death oee urred follow me operation The 
m. in *s \ in*sl lmiii 7 (ro in t e w. to 2 000 c < m 1 ( me the average liemc 
i '’•i i < visit lh clu< oM m distille.l w iter 
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Til. I'M duntioti ol the Ope r it Kill unoiiir tliose who died was leiorded in 
o. - and i iried irmn tlirev to nine hour- the nerice heintr fne and one 
ir The ne r i_e dur etmn ot operation ammic those who survived was 
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POSTOPERATIVE THERAPY 

Postoperative theiapy consisted of mtiavenous alimentation, antibiotics, 
and constant gastric drainage by suction ua a transnasal Levin tube In 
general, a total of 3,000 c c of fluids was given daily, containing glucose, ammo 
acids and vitamins In letiospeet, tins was excessive in some patients, al 
though it i\as difficult to ascertain the exact numbei The antibiotics used 
most commonly were penicillin and stieptomycm In the fen patients 
operated on prioi to then intioduction, the sulfonamides weie used The 
Levin tube was remoied geneialb two 01 thiee days following operation 

Esophagograms using Lipiodol were made generally four to six days fol 
lowing operation If there was no extravasation of oil, oral intake vas al 
lowed immediately m increasing amounts with a corresponding deebnc and 
abandonment of the intravenous ahmentation 

Other than m the 5 patients who died ■within eight hours following re 
section, the aveiage duration of life following lesection in the remaining lh 
cases was 11 days, with extremes of 2 days and 31 days 

LONG-TERM RESULTS 

In addition to presenting the dire results of the operative treatment of the 
cases of primary carcinoma of the esophagus in this senes, a a\ ord should be said 
about the equally due results m the entire group Of the 210 cases, not m 
eluding one case in vlnch treatment hod not been begun at the time of tins 
compilation, there are onl} 10 patients liung Three of the 10 patients weic 
treated hi resection, having esophagogastrostomy performed in the neck, at 
the lei el of the arch of the aorta, and below the arch of the aorta m one case 
each The patient mth the mtracervical anastomosis has now sunned two 
years and seien months, with abiliti r to eat and su alloy normally throughout 
but with known residual caicinonia m the lover tiachea and both main bronchi 
She has been tieated recently bj radiation theiapv v, ith a dramatic miproie 
ment m her dvspnea to such an extent that she has been able to resume hei usual 
occupation as a domestic sen ant The patient with the juxta-aortic anastomosis 
lias non sumved five a eais ivith no evidence of persistent or lecurrent carcinoma 
to date 

SeAcn of the 10 sumvmg patients have had ladiation therapA, the longest 
sunning patient IiaAing completed treatment onh eleven months ago How 
ever onh 3 of the 7 ha\e a chance of a good result The remaining 4 patients 
ha\e uncontrolled primary lesions, and each has a gastrostomy for feeding pur 
poses 

DISCUSSION 

As the problem of the surgical treatment of epidermoid carcinoma of the 
esophagus stands at present, the operative mortality must be reduced to ac 
eeptablc IcacIs Othennse, senous consideration must be gnen to the abandon 
ment of the piocedure of esophageal resection -with lestoration of the confinuit' 
of the alimentnn tract in a single stage operation The possible and probable 
exception to this statement is m the treatment of epideimoid carcinoma in the 
terminal fourth of the thoracic esophagus, m Avhicli cases ve believe that opera 
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non is still the preferable method of treatment The statement applies in par¬ 
ticular to the treatment of lesions which require superior mediastinal ot intra¬ 
corneal anastomosis after their resection The results reported with radiation 
therapa " ' 1 and plastic tnhc replacement 1 sene to augment this conclusion 
\n obvious need for the reduction of operatne mortality is a method for 
the emmrMon ot these evtremela malnourished patients from a catabolic phase 
inlo .a prolonged anabolic phase At times the catabolic phase is striking eaen 
in tin absent e of a Inch decree of esophageal obstruction The provision of 
t dories which haae lieen gnen to the picscnt group of patients in quantities 
nf 1 "Oft to 4 700 per daa in the preoperatne period has not resulted m the de- 
sind analtoltsin What other factors are concerned m the continuation of 
oatalwhc ]irmc'ses m the presence of adequate calorie intake should he maesti- 
jntid The duration ot the preoperatne preparation min he a factor of con- 
M<h rahh importaiuc Prolonging this penod maa result in the patient s con¬ 
version to an anabolic phase but this is doubted The possible continued growth 
of the neoplasm during the pnaiperutiao period serac* to limit its duration un¬ 
less therapeutic measures were liemg directed toward the neoplasm itself Per¬ 
il q>s tins muld he ailncaed ha radiation therapa during the mteraal of prepara- 
tmn for operation combining the two methods of treatment The use of hor¬ 
monal thcrapa' in patients who fail to ream from catabolic metabolism maa 
Inlp to lessen the operatiae mortnhta 

\noilnr need is r< iision of the operatiae protcdnrc as aae liaae performed 
it m the mijorita oi c nts The approacli through the left chest with trans 
dinplinumatu mobilw it ion of the stomach is too time-consuming The utiliza¬ 
tion ot plnstn tuiie replucment or of simultaneous midhnc abdominal and 
riglit tliorai ic illusions 1>\ two teams maa lie the inswer to this portion of tlie 
problem Tin pr<s<nt method oi anastomosis of tlie esophagus and the stomach 
feeds to la micwid The largest single < ause of deatli in tins group of patients 
w->s disruption of the suture line at tiie anastomosis with resultant csophago 
id. ur d fi'tul i uid uiip'eini Whether this disruption results from local 
■eli'ii' d laico or geiurd c lines associated with the depletion of the patient 
i< s’ matum his not Wn ibternnned Both of these causes maa he implicated 
m * ii'll <as. Inn other diment ira (anal resections and anastomoses m depleted 
p ton's an not iwouiol with sudi forbidding rnortahta Peril ips tunneling 
t!. «'>, lagns into tin stom n h h\ smunng tin fundus ot the stomach around 
1. it rinin d end ot th rcimiiiing es.q.hagiis would l>c of nd in securing firmer 
" ,1 " *' " ,,r - llls P Hugh i.e ot aniue to mobilize ill or a portion 
‘ii’u i tr.*m tin irmwers. < edon s.. tint the omentum maa he used 
■ 1 >. an so. o' t< line These J.r.v.dures Will reqmr. nirther imestig i 


on 
, il 
t > r 


w. 

* t 

u 

, * • 


\! > . 
S’ . i 
’ a 


1 " 1 )s 

I I I 


' r * 

f \ 


1 '* lf 111 *!" ' ritrn i ior opcpahilita and ns.'cUibihta 
, , , I'a d 'o tin pns.n,. „i iwmii,,) ,1kw.s hajmpro 

' " ’ during nit. nsia, rcstemtiae the rapa elrsp,to 

, V .T ‘ ni 11 t1 ' 1 app< irann Sonalh we 

1 1 1,1 rv s" ''‘Imio ill. 1 Imeelotoi tmwxril 


- 1 \ 


!1 1 i i 1. <n considered fonne’-la 



3S0 


THE JOURNAL OF THORACIC SURGERY 


It is believed that overtiansfusion of blood and overhydration during the 
operative and immediate postopeiative periods have eontubuted to the fatal 
outcome m more eases than m which they aie reported as being the pnmarv 
cause of death Replacement of blood should not exceed the loss in order that 
the number of transfusions may be kept at a minimum, particularly from the 
standpoint of reduction of the incidence of tiansfusion reactions, the chances of 
which increase geometrically with each of multiple transfusions 

SUMMARY 

1 An analysis of 210 patients with primarj epideimoid caicinonia of the 
esophagus is presented, with particular regard to a cntical leview of the causes 
of death in patients treated by resection 

2 The mortality rates foi resections of the thoracic esophagus, with and 
without lestoiation of continuity of the akmentary tiact, aie piesented 

3 There weie 43 cases treated bv resection of the esophagus, with an aver 
age operative moitality of 56 per cent 

4 The causes of death aie enumeiated, the most frequent being failure of 
healing of the anastomosis with esophagopleural fistula and empj ema 

5 The causes of death have been analyzed from the standpoints of the 
status of the patients on admission, the pieopeiative therapy and its duiation, 
the operative technique, and postoperative therapy 

6 The operative moitalitj" must be reduced in older to justify the contm 
ued use of resection bt the methods described, especiallv m the tieatment of 
lesions m the legion of the arch of the aorta 

7 Considerations on the needs for the leduction in opeiatne moitality arc 
presented 
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Till) SURGICAL TREATMENT OF CHRONIC PERICARDIAL EFFUSION 
AND CARDIAC TAMPONADE 

LlK.Mt P M\NM\, In ,* M D , VVD CMRENCE Denms,** M D 
Brookian, N Y 

T ill, opcratne treatment of patients "With inflammatory lesions of the peri¬ 
cardium has been genernlh limited in application, during recent \ears, to 
Rinse patients who were suffering from a constrictne tvpe of pericarditis 
Relatnch few references appear m the current literature by authors who 
idiiKite pcncnrdiectomi during the effusne stage of pericarditis, particularly 
oi the iinnsnppuratnc type It may be of interest to Tccall that as earl\ as 
ispt Romero 1 had operated on three patients with effusne pencaiditis, two of 
whom sunned The operation consisted of an incision made through the lett 
fourth interspace near the sternum, the distended pericardium was felt with 
tin finger, puked up with forceps, and cut with scissors A number of othci 
su<<cssful i ists was subsequent 1\ reported, but due to the influence of 
Diculafoip m 1ST I, pcricardiceutesis replaced incision and diamage as the 
method of choice m the treatment of pericardial effusion This influence still 
prey ails Today the treatment of pericarditis with effusion is usually carried 
out In the internist, who eonimonh employs repeated pcricardieenteses to de- 
i empress the pericardial eaut\ While this Tcgimcn is usually satisfactoij, we 
beittic that it nun haio the following disndiantagcs (1) Peneardiccnte-sis 
h is, on mansion resulted in fatal hemorrhage (2) Cardiac tamponade usualh 
is relit \ed nnh lomporarih, and prolonged tamponade mnv result m serious 
iiniK mini, hepatn and pulnmnan damage (3) The longer the infection m 
the peruardial onut\ p< rsists tlic greater is the danger of piogression to tlie 
cnnstrntnc jDia^r' of peruarditis In the scries of ITcuer and Stewart, 27 per 
<eni oi pitnnts with lonstrntno ]iencarditis had prey ions pcritaidial effusion 
Mm him of tiust disadianfagcs and bemuse pcncardiectonn is nmcli more 
< nth pirfortmd during the tfiusnc ratlier than the constrictne stage of pert- 
i mlitis we brlnac Hint the recent suggestion In Ilolman 3 of earh perieardiee- 
iotn\ lus gnal mi rit and that the operation is indicated, not onh for patients 
i till unil tuh<r< ulous peruarditis as reconimendfd In him hut nho for some 
I> no tils with id top ithie peruarditis An important contnlmtion which Ins 
influi in cd ns in coming to this dunum is tint of II irker and Johnson,* who 
i l, tU imphnir.d ih< tai t tint nontuherc ulous peruanhtis with effusion is 
a 'hrnnu dm tsn more impunth than is generalh appreciated O no 0 f t j, oir 
pus nm suff. ml Ui.ni a p. rieanln) effusion for si\ a ears before the lesion 
\ ^ f *vuMri< ti\( Mtitp 
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We haw e had an opportunity to observe the results of electix e pencardiec 
tomy performed during the stage of effusne pencaiditis m four patients and 
also to follow the courses of two other patients fiom the stage of effusion to 
eventual constrictive pericarditis, which lequned a technically more difficult 
operation In the lattei patients, symptoms and signs of cardiac tamponade 
persisted unnecessarily for several t ears while the stage of constriction developed 
We behe\ e that both patients would have profited from an earlier pencardiec 
tomj One patient had tuberculous pencarditis, but m fi\ e patients the etiology 
vi as undetermined The ages of the patients langed from 34 to 67 rears The 
predominating symptom m all patients was severe dispnea Some oi all of 
the follouing signs of caidiae tamponade uere piesent in each case befoie 
opeiation hepatomegali, ascites, low pulse pressure, lou blood pressures, 
eleiated venous pressure, piolonged circulation time, dependent edema, and low 
i oltage electrocai diograpluc patterns The appai ent dm ation of the disease prior 
to operation aieiaged seienteen months Fue of the sl\ patients had moderate 
feiers and lecened sticptomicm and PAS therapj for at least tuo weeks pnor 
to operation 


CASE SUMMARIES 

Case 1 —W L , KCH No 21514 51, a 41 rear old tailor, was admitted to the King 
County Hospital for the first time on Maj 3, 1951, complaining of cough and night sweat' 
of three weeks’ duration The temperature was 102 5° F, the blood pressure was 140/80, 
tlie pulse was 80, and the respiration was 24 Physical examination revealed moist rules in 
the left lung A roentgenogram of the chest revealed a water bottle configuration suggesting 
pericardial effusion (Fig 1) A kiraogram showed a decrease in amplitude of cardiac pul«a 
tions The blood Unzzini, heterophile agglutination test, cold agglutinins, cephnlin flocculation, 
and clioksterol determinations were all within normal limits Two smears of the sputum for 
acid fast bacilli were negative The patient was discharged on June 27, 1951, with a diagnosis 
of bronchial pneumonia and pericarditis with effusion JIc was admitted for the second tune 
on feept 28, 1951 He complained of a cough productive of a moderate amount of whitish 
sputum and dyspnea which had been present since his previous discharge He had been 
\onnting for one week Phv«ical examination rciealed a large area of cardiac dullness 
extending to the left mida\illar\ line, 'acral and ankle edema, and hepntomegnh The blood 
count was normal except for an 8 per cent basophilia The venous pressure was 180 mm of 
water and the circulation tune, with Decholin, was 17 seconds Kymograph} reyealed no 
yi'iblc excursion of the left side of the heart On September 29 a pericnrdicentesis was 
pi rformed with the removal of 300 c c of straw colored fluid Culture of the fluid for acid 
fn«t organisms was negative Urine cultures also were negative Blood chemistries, including 
urea, sugar, cephnlin flocculation, phosphorus, and alkaline phosphatase, were within normal 
limit' The albumin was 3 6 Gm, and the globulin was 2.5 Gm. Low voltage QRS complexes 
and flattened T waves were found in tho electrocardiogram The tuberculin 1 1,000 was 
positive A ballistocardiogram was negative On October 3 and October 12, 450 c c and 
350 cc, respectivelv, of serosanguineous fluid was removed The patient failed to improve, 
although he received dihydrostreptomvcin for one month On Nov 24, 1951, the left chest 
was entered anterolaterally at the level of the fourth left rib and cartilage The pen 
cardinal was 3 mm in thickness and cartilaginous in consistency The heart was not enlarged- 
An anterolateral segment of panetal pericardium 7 bv 8 cm was resected The pleural space 
was drained and the chest closed The patient’s postoperative course was 'atisfactorv The 
pathologic report indicated a chronic fibrosing pericarditis probabh granulomatou" 
carcinoma cells were found in the pericardial fluid Gradual clearing of the postoperative 
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jlrural r.-aetinn <n the ]. ft 'ide (vrurrod The patient was last c een in April, 1^54, at vhich 
tin;'' he o. ca-ion-dlv had mild “avtlling of hi= anldes at the end of the day, but tvas othersuse 
w»H 4 T 1 1 ntt> nd •■I worl n gularl' Tin roontgmogram of the ehe-t tvr= noraal (Fig 2) 
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Case 2 —M W, B H No 153785, a 43 roar old Negro woman, was admitted to the 
Brooklyn Hospital on May 27, 1952 In February, 1952, tho patient had developed severe 
dyspnea She had previously been admitted to anothor hospital, uhero it had been necessirv 
during the nest ten weeks to perform peneardiconteses on soven occasions She complained 
of swelling of tho ankles, and cough, as well as a sensation of pressure m the left chest 
There was no history of rheumatic fe\cr Except for pneumonia at the ages of 20 and 31, 
there was no significant past history 

The patient’s father and mother had died of heart disease at 40 and 39 years of age, 
respectively 

Physical Examination —The patient was a dyspneic, ortliopneic Negro woman, weighing 
154% pounds and measuring 5'3" in height She appeared chronically ill The pnlse was 
SO, the blood pressure 150/120, temperature, 99° F, respiration 14 

The neck veins were distended Motion of the loft hemithorax was limited, and there 
vere dullness to percussion and diminished to absent breath sounds over the left chest The 
cardiac silhouette was greatly enlarged to percussion with regular sinus rhythm and no mur 
murs The heart sounds were loud and of good quality The bver was enlarged to three 
fingerbreadths below the costal margin Ascites and ankle edema wero prominent 

A diagnosis of pericardial effusion was made On May 28, 1952, a pericardial tap was 
performed and 550 c c of dark red fluid was removed On Mas 30 tho venous pressure was 
178 mm of water, which was clovited to 245 mm with right upper quadrant pressure and 
later returned to 182 mm. of water The circulation time, using Dechohn, was 11 seconds 
On June 3 a second pericardial tap yielded 450 c c of bloody fluid On June 5 the venous 
pressure was 94 mm of water with right upper quadrant pressure at 102 mm The circulation 
time was 12 seconds On June 6, 1952, 950 c c of grossly bloody fluid was removed from 
the pericardial sac On Juno 7 the liver was two fingerbreadths below the right costal margin 
The neck veins were still distended On June 15 a loud pericardia! friction rub could he 
heard over the pericardium The edge of the liver wnB palpated 4 cm below the costal 
margin A pericardial tap was unsuccessfully attempted on June 15 

An electrocardiogram revealed QRS complexes and T wares of very low voltage in nil 
leads These complexes, particularly tho T wares, became larger following removal of pen 
cardial fluid Five examinations of the pcncardial fluid, including ono culture, did not 
reveal ncid fast bacilli 

The total protein was 5 Gm per 100 c c,, the albumin was 2 4 and globulin 2 0 Plasmn 
chlorides were 102 meq The blood count was normal except for anemia, the hemoglobin 
being 05 per cent and the red cells 2,940,000 The urine annlrsis was normnl The erythrocyte 
sedimentation rate was 1G and 51 mm. on May 31, 1952, and 31 and 71 mm on June 9, 395_, 
the readings being taken at half hour internals The blood sodium was 140 meq , potn«*iuni 
was 4 03 meq Blood urea, creatinine, and sugar vnlues were within normnl limits 

Roentgenograms of the chest revealed a very striking enlargement of tho cardiac rd 
houette, typical of pcncardial effusion (Fig 3) Air was instilled into the pericardial s» e 
revealing an apparenth normal sired heart, although the cardiophrenic angles could not be 
visualized (Fig 4) 

The patient received Mcrcuhydnn on fi\e occasions, was digitalized prior to operation, 
and received 1 Gm of strcptomvcm and S Gm of para nmino«alicvlie ncid dnih, starting on 
Tunc 2 and continuing until Tulv 7 

On June 19, 1952, an extensive parietal pericardicctomy was performed The pen 
cardium measured approximately 3 to 4 mm of thickness No evidenco of constriction of 
the heart was found, but approximately 500 c c of fluid containing Borne fibrinous clots was 
aspirated from the pcncardial sac. Cytologic examination of the pcncardial fluid showci 
no evidence of neoplastic disease Pathologic examination of the parietal pericardium, whict 
measured 20 by 12 cm, revealed a chronic inflammatory process characterized bv perivascular 
accumulations of lymphocytes Some old hemorrhnge and partially hyalmized fibrin were 
also present. The pathologic diagnosis was chronic fibnnous pericarditis 
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for i mall oollfetion of fluid in tlic loft pleural cavity, which subsequently dis 
aj.po.ijMl, and a left biral pVuntis, the patient bad an uneventful postoperative course Ini 
rr. diatolv following oj. ration, sbe \ ns able to breathe much more comfortably and generally 
Mt greath miproied 1-ing discharged on the twentieth dm after operation The patient 
«n* last seen on IVc 11 l^jT at winch time ‘he was feeling exceptionally well She was 
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Comment —This patient had dramatic relief immediately following parietal 
peneaidieetomy for massive idiopathic pericaiditis with effusion A vigoious 
medical regimen, including many pencardicenteses, had failed previously to 
control the disease The opeiation was technically easy at tins stage 



Fljr 5—Case 2 A roentgenogram taken IS months following an extensile parietal perl 
cardlectomj The heart and lungs are normal There Is some residual pleurftls nt the left 
base 

CASE 3—H W, K C H No 12732, n 48 year old Negro, was admitted to the King' 
Count} Hospital on March 12, 1953 In January, 1953, the patient had developed n produc 
tive cough and had suffered from epigastric pain and anorexia relieved by the administration 
of antacids In March, 1953, he had become short of breath while climbing only one flight 
of stairs He had never been dvspneic before in his life, and there were no other cardiac 
svmptoms He had lost 10 pounds during the previous three months There was no fannlv 
history of pulmonary tuberculosis 

Examination revealed a middle aged Negro with a temperature of 103° F, pulse 10th 
blood pressure 11S/S0, and respiration 30 There were slight distention of the neck vein 0 , 
dullness at the right base, and rules over the left lower lobe The cardiac silhouette h} 
percussion was enlarged to both the left and right sides, with frequent premature lentnc 
ular contractions The liver edge was felt two fingerbreadths below the costal margin. There 
was no edema of the extremities The venous pressure was 210 nun. of water, which in 
creased to 310 mm with pressure on the liver Tho circulation time, with Decliolm, ivas 
30 seconds The erythroevte sedimentation rate was 24 mm and 60 mm The blood count 
on two occasions and the nrine analvsis were normal An electrocardiogram taken one week 
after admission showed low voltage in all standard lends with isoelectric to negative T waves 
An investigation of tho gastrointestinal and genitounnnry tracts, including endoscopic and 
roentgen e xamin ations, was negative for nnv abnormaht} A parenchvmal lesion wns never 
detected in the roentgenogram of tho chest, and the sputum studies were consistently negn 
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r nr t^i ! fa-t liT-illi R^ntpn examination riiealed a cenerali 2 od and marked enlarge 
i c t', r-ir 5n<-'ilhr „rM ■> { F ip tn \t fluoro^ o;i\ the cardiac pulsations were diminiched 
i iti\ diacn > i of tufr n uluj- jx ri -arditi' wit'll effusion was made, and on 'March d0 ; 
t 1 ]u mi i"irt ! mi a r ,_in n of *tr< ptoniM in and para aminosalicrln, acid 
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Within the next three weeks n totnl of four pencurdicenteses wns performed Yielding 
a slightly turbid, yellow fluid A smenr of tlus fluid revealed the presence of acid fast 
bacilli A totnl of 2,215 c c was removed from the pericardial sac on these occasions, the 
largest amount being obtained on April 9, 1953, \\hen 1,200 cc was removed. After four 
weeks of antibiotic therapy and repeated pencardicenteses, the fluid was still forming, and 
the fever was essentially unchanged Air had been instilled into the pericardial sac following 
one of the pencardicenteses, revealing a marked thickening of the parietal pericardium 
(Fig 7) 

On Apnl 21, 1953, operation was performed An neuto and chrome inflammatory proce" 
wns found involving the parietal pericardium, which in some areas was as much as 2 cm 
in thickness A few patches of fibrinous exudate were present on the visceral pericardium. 
Those were easih removed There wns no evidence of constriction of the heart An erten 
sive parietal pencardiectomv wns performed The report of the pathologist indicated tuber 
culous pencarditis 



Fig S—Case 3 A roentgenogram of the chest taken eight months following perlcardlectom} 
>,0 nbnormnlltj Is present, except for the delated left hemldlaphragm 


Following operation, the fever gradually decreased, a normal temperature being rencliet 
on May 31, 1953, and being maintained thereafter During this time the patient generally 
felt greatlv improved, particularly in regard to dvspnea Bv Sept 28, 1953, the patient had 
gained 7 pounds without evidence of edema. On Oct 6, 1953, the venous pressure was > 
mm of water, which did not change with pressure m the right upper quadrant The Dechohn 
time was 10 seconds At the timo of discharge on Dec 17, 1953, the patient wns asymptomatic 
A roentgenogram of the chest revealed only elevation of the left hemidinpliragm due to the 
removal of the phrenic nerve with the pericardium (Fig S) 

Comment This patient had a pericardicctomv for tuberculous pencarditis 
ns soon as the diagnosis was established, and a bnef course of cheniotherapv and 
antibiotics -was administered before operation Although the parietal peri 
cardiuni was greatlv thickened, it was easih removed He has had an excellent 
result 
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c V cr }—T M K r II Ko 30101 1 GTvearold Kegro wa= admitted to the Kings 
(otinlv Ho loft for the fir<t time on Apr,! 11 b«-MW of edema tAthe-aUes,** 

marked ,1ut,nn Two penrardi il i“piratmnft viobled a total of S20 cf of flmd w lie 
i nn'd n< Mb r n-.d fa<t bar,lb nor tumor trip The patient tvn« thought to have tuberculous 
I- rirar«liti- and n V nrardi a tnmv was advised but lie refused operation Dunng the next 
u roll ti o month' lo lias reidmitt.d to the hospital on three occasions bemuse of progressive 
orthopiua He had rieem 1 streptomiem para annnosalievelie arid digitalis, Mcrruhvdrin, 
mid , pint .on for i,s ites md pleur.l efTns.ons Despite this therapv his neeh reins remained 
1, t „d' 1 a hi_h iinoiis pr< siir< pir'i'ted measuring from 110 to *100 mm of saline fluid 
p i mmulitid in Ito s, ton* emtiis the bvir n m nned grealh enlirged anil the enrdine 
* 1 1 licit tt gr idunllv deermsol in ‘in This eour*e of eients strnngK suggested thi develop 
tt * tit r»»nstrn*ti\* jnru 


Tin 1 100 tulx reutin ti t vv is slronglv positive but repeat' <1 ovnmUUitimi of the gastric 
lutei urtiii ph uni nnd pirn irdud fluid bv «nntirs and culture teibnupies did not reveal 
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Fig 9 



ue 10 

j-lj. *i —Cnffc 1 \ roonteriiopram taken two »ln>s before operation illustrating tlic 

aiwtcnt right pleural effusion 

FIp io—Cano 4 Two montlm following pcrlcnrdloctonn tin onlj abnormalitj In 
roentgenogram I* hllatcnil pleural *ear*8 from the pre\I oub prolonged pleural effusions 
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Fig 13 



Fig 11 

Fie n_Cim V hemogram taken In 191 •» (luring the Mage of ,P er j9''^ dl n t ! i 5 M unte 

effusion Note till peaked contour* along the left lateral cardiac border Indicating ndeo 
diastolic filling and sastollc ejection hllt . her c l» 

•p, , , •; In 19S2 three tear* Inter the heart l« normal In sire but in 

still fluid in the right co*tophronlc angle and in the oblique figure 
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somewhat improved He was admitted for a second timo on Jan 22, 1952, because of swelling 
of the abdomen, scrotum, and ankles The total blood proteins wero 5 Gm , tho albumin 
was 3 1 and the globulin 17 Following abdominal paracenteses, he a ns discharged ns lm 
proved six days later It should be noted that although there wero still signs of cardiac 
tamponade on this admission, the heart was now normal in size (Fig 14) 

Tho most recent entry into the hospital was March 11, 1954, wlion he again complnmed 
of marked edema of tho scrotum, poms, and abdomen Physical examination revealed a tem 
perature of 99 6° F, pulso was 80, respiration 20, and blood pressuro 110/80 The neck veins 
were distended, the abdomen was markedly enlarged duo to ascites, and an advanced degree 
of edema of tho penis and scrotum was present The venous pressure was 234 mm of 
saline, and tho circulation time, with Deeholm, was 20 seconds The heart was small, and the 
kymogram was interpreted ns evidence of constrictive pericarditis (Fig 15) A ginnt A wnve 
in tho jugular pulse tracings, faint heart sounds, and the prewous existence of a poncnrdml 
effusion constituted substantiating evidence of this diagnosis 

On a low salt diet, Mercuhjdnn, and abdominal paracenteses, the patient’s weight was 
reduced from 182 to 149 pounds within one month On April 9, 1954, a pericnrdiectomv 
was performed The 0 [ crative findings included adhesions between tho loft lower lobe nnd the 
pericardium, and complete obliteration of the pericardial cnutj bj a constrictno pericarditis 
Tlie scarred pericardium measured about 4 mm in thickness, and lifter remoial of it from the 
surface of the left and right ventricles and the base of the pulmonarv artery, movement of 
the heart was greath increased During operation the heart was extremclj irritable, be 
coming irregular and nltcmntclj slow nnd verj rapid within the slightest manipulation The 
patient withstood the opeation \er\ well, however, and hail a relntiveh uncomplicated post 
operative course On Mnj 10, 1954, he had ceased to accumulate peritoneal, pleural, nnd 
peripheral fluid and was feeling gencralh grentlj improved The pathologic report re 
vcnled acute and chronic nonspecific pericarditis When examined two months after opera 
tion, the patient was nsvmptomntic There was no ascites or edema of tho ankles or dis 
tention of the neck veins The roentgenogram of the chest was essentinllj normal (Fig 1®) 

Comment —Tins patient was treated conseivatnelv foi pcncnrditis with 
effusion His symptoms persisted, and three years latei signs of constriction 
weie present but not recognized The signs of advanced caidinc tamponade were 
eventually 1 dieted hi pcncaidicetonn perfoimed file vcais aftei the pericardial 
effusion was first detected It would appear, in rctiospcct, that an eailicr 
operation was indicated 

Case 6 —T McD , KCH No 10135 51, a 45jcarold white man, was admitted to the 
Kings County Hospital on six occasions between 1949 and 1951 for congestivo heart failure 
On Doc 23, 1951, he complained of severo dvspnca and had roccntlj had an arterial vascular 
occlusion of tho right foot from which ho had recovered spontaneousl) Ho had received 
frequent mercurial injections nnd digitalis 

Physical Examinations —Tho blood pressuro was 120/88, pulse 88, respiration 20, and 
tempernturo 101° F Tho lungs wore clear The henrt wns enlarged to tho left anterior 
axillnn line, nnd a gallop rhythm wns present There wns no edema The right foot was 
dusky and paler than tlio left The blood count nnd sedimentation rates were normnl The 
circulation time, with Decholin, wns 22 seconds An electrocardiogram revealed low -voltage 
QRS and T waves, with QS waves present in Leads II, III, nnd V, This wns interpreted 
as indicating myocardial lesions nnd pericardial effusion The roentgenogram of tilt chest 
revealed an mfiltTato in flit right second interspace with bilateral ph urnl effusion and a 
cardiac silhouette which wns moderntclv enlarged (Fig 17) Tomograms of the heart re¬ 
vealed no calcific deposits Tltcrc were diminish! d pulsitions along the left border of the 
heart bv kvmogrnphv nnd fluoroscopv V second Decholin time wins 2S seconds A tuberculin 
test wn« positive in 1 10,000 The ballistocardiogram wns normnl Blood sugar nnd urea 
were normal Blood cultures were negative The basal metnliolic rate and measurement of 
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I 131 and creatine determinations were all within normal limits The blood tVassermann teat 
was negative Numerous cultures of the sputum, urine, and gastric juice were negative for 
acid fast organisms 

The patient continued to have episodes of decompensation, engorgement of the neck 
veins, bilateral moist r&les, enlargement of the liver, and dependent edema Blood pre'sures 
persisted at about 90/80 A two week course of streptomycin and PAS was given, and on 
April 1, 1952, the patient was operated on under endotracheal anesthesia The sternum was 
split and the pericardial cavity was found to be tense]} filled with clenr, wnterv fluid No 
adhesions were present, but several small fibrotic patches were seen on the surface of the 
myocardium The operative diagnosis was general myocardial degeneration A large portion 
of the left anterior panetal pericardium was removed and the sternum was approximated A 
thoracotomy drainage tube was inserted in the sixth interspace posteriorly The pathologic 
diagnosis was subacute pericarditis 

Tho patient developed a superficial wound infection wluch healed satisfactory Eight 
weoks after operation the cardiac silhouette and the pulmonnr} infiltrate were smaller (Fig 
18) It was noted that during convalescence, both m the hospital and later in the clinic, 
his dyspnea was greatly rebeved He felt much improved and had returned to work Two 
years after operation he died unexpectedly at home An autopsy was not performed 

Comment —It is not certain whether this man had pericarditis with effusion 
and associated myocardial degeneiation with pnmary atypical pneumonia, as 
described by Godfrey, 6 or whethei the pericardial effusion was a manifestation 
of congestive heart failure due to idiopathic my ocarditis ' He v as thought by 
the cardiologists to have the former syndiome At operation, pericardial fluid 
was present under tension, and dyspnea was greatly lelieved following a panetal 
pencardiectomv This lehef of symptoms continued until the time of Ins fatal 
attack 

DISCUSSION 

We believe that the surgical treatment of patients with pencarditis should 
be formulated on the basis of a knowledge of the pathogenesis of the disease 
Progression of pericarditis with effusion to the stage of constiietion is not 
uncommon Rigid distinctions between the stages of adhesive pencaiditis 
(accretio cordis) and constrictive pericarditis (concietio cordis) may be mis 
leading according to Moschcovvitz, 8 who bekeves that adhesive pericarditis is 
simply the earliest stage of constriction 

If these concepts concerning the pathogenesis aie valid, it would appear 
these are additional reasons whv pencardiectomy should be peiformed m 
selected cases much sooner m the course of the disease, ideally during the stage 
of effusion We recommend the early' operation in both the tubeiculous and 
ldiopatluc tvpes of pericarditis whenevei a prompt remission in constitutional 
symptoms and disappearance of the fluid do not occur with conservative tlieiapv 
Any' patient with an appreciably thickened parietal pencaidium m the presence 
of effusion should likewise have pencardiectomv We have not employed this 
operation during the effusive stage of rheumatic pericarditis for fear of the 
presence of active carditis 

We prefer resection of the pericardium rather than pericardiostomy for 
the following reasons (1) It provides better drainage of the pericardial fluid 
It is well known 9 that the pericardial sac, because of its configuration, is not 
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anatonnoalh suited for complete dependent drainage (2) The problem of seal¬ 
ing m»r of the pericardial stoma is eliminated (3) Peneardioetomv Tcmoxes 
a ]nrt or ill of the focus ot infection (4) Complete visualization of the xisceral 
ptruardnim is ohtamnl and resection of tins laxer can then he performed if 
such anion sicms appropriate to the surgeon 

StMMMtt \ND CONCU stONS 

] ‘six patients ongmalh hanng pericarditis with eftusion are reported 
In fixe patients the etiologie agent xxas undetermined, m one patient it was 
tulieri ulosis 

2 All patients underwent pern lrdieetonn, four dunng the stage of eftusion 
uid two dtirttur tin stage of constriction 

1 Ml p ittents h ul signs of c irdiue tamponade during the stage of eftusion 
tnd at the time of ojieration 

4 Pi rn ardiectotm brought prompt relief of cardiac tamponade and striking 
la mral improxement in all patients (hie patient died unexpeetedh two xears 
afti r opiritum of miditermmed muses after piexiouslx feeling well 

'i Pi ru ardn itomx is remmmended during the stage of effusion in selected 
pituuts with tuhtnulous and idiopathu penearditis Kensons for tins haxe 
hoi n disi ussed 

wi !i gr it* fulh to i kn'mli l(.i ill chuiim 1 m 1 ns'i-tHKc of J)r \t illi ini Doth who 
I >■. i .ill's] o a it it tl„ rori.turx arti'rus lung in the cpicardium umlergo narrowing or 
. Mj ma if tt, iml.nn it<>r\ j.ron« 1* r i t« for n long time ana tliat healing of tin pen 
rarhti" t-„i\ l folio o 1 t \ j mi mail ms ular ilam Dr Dock, then fori ln« consistently 
Ifk 1 ' xrli ino rn ii'iim in r. „f rhn m< ctunon mth tampnnaUr anil tuberculous peri 
• ifihtt* \ ith i »rl\ pmIii * of r'ir«1i n ♦ nil trn^nu nt 
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EXTRAPLEURAL PROSTHESIS CONCOMITANT WITH PULMONARY 
RESECTION FOR TUBERCULOSIS 

Preliminari Report op 110 Cases 

Bert H Cotton, M D , and George A Paulsen, M D 
Los Angeles, Calif 

A FTER a lobectomy, if preventive measuies are not immediately taken, the 
space that has been cieated in the henuthoiax is filled eitliei by an adjust 
ment of the lemaming lung tissue 01 by denation of the mediastinum Tins 
results m an overdistention of lung tissue and piesents ti\o major liazaids 
first, leactivation of quiescent lesions through tiaumatic expansion, and second 
emphysema, inth its consequent reduction of alveolai function To preient 
these complications such procedures base been advocated as immediate thoraco 
plasty, pneumothorax, pneumoperitoneum, and phiemc interruption 1 2 

We have tieated a senes of 110 patients since December, 1950, bj combin 
mg the lobectomy with a tailonng pleiuoplasty followed by an extrapleural 
prosthesis Tins experience leads us to believe that complications can be pre 
vented fullj as veil bv this method as by others, and that this method offers 
a wide range of benefits otheiwise unobtainable 

INDICATIONS FOR PLEUROPLAST1 

All the indications foi performance of pleuioplastj are centered upon the 
pioblem of presenting oserdistention of the ipsilateial or contralateial pul 
monary tissues The os eidistention is piesented only if collapse is instituted 
immediatelj after the lobectomy If, on the other hand, collapse is postponed 
and the lemaming pulmonars tissue is allossed to expand foi seseial stocks 
postoperatisely, collapse will then be of little salue The haimful effects of 
overdistention svill liase a 1 reads occurred 

Collapse concurrent svitli pulmonary insertion is indicated by the presence 
of any one of the following conditions (1) radiologic esidence of tuberculosis 
in the contralateral lung, (2) removal of the apical segments of the lower or 
middle lobe as well as lemosal of the uppei lobe, (3) piesence m the ipsilateral 
lung of mans small, ealciferous, and apparentls quiescent lesions, (4) a losscr 
lobe resection in svhicli pneumopei itoneiim cannot be instituted because of in 
flanimatorv changes, (5) inability of the remaining lobe, or lobes, to fill the 
hemithorax without oserdistendmg Inability is indicated (a) sshen the lobes 
are extremely small but are free of palpable disease, (b) when multiple ssedge 
or segmental resections of small lesions in the lower lobe have been performed, 
(c) sshen the remaining lobes shoss fibrosis from a burned-out tubeiculosis, or 
(d) sshen the lungs arc alreadv emphysematous, a condition frequently found 
among older patients 

Received for publication Julj is l q 51 
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Pro!Mint* collapse is not nccc'san’ when localized disease, although present, 
IS without palpable lmohcmcnt oi the remainin': lung tissue Nor as collapse 
n,. r s* m win n the reseed lohe as small and as contracted and other lung tissue 
Ins ulrn.h compensated O n the whole however we believe immediate collapse 
In hr ad\ l'shh lorn s and lh.bmson 1 for instance, liaae cited data which show 
tint 1st' complications arc Teduced when a thoracoplastx is performed eon- 
ronntanth with re-section 


Ui\ INTUI.s OI (ONCOMITCNT IORICTOM1 VND EXTR \PLE1 R \1, PROSTHESIS 

In onr eapencnce extrapleural prosthesis perfonned at the time of the 
pulinninr rnfiti'm shares the adanntaees but not the disadiantages of eom- 
hmod lohntonn and thorn, oplash It is true that either combination provides 
(ft. itn< protection aminst those complications that result from postoperatne 
mi rdisti ntnm ot the remaunnu lame tissue Either combination accomplishes 
m a smule ojxr.ition what is usualh done in two or more stages Hoamer 
ohm compared to the f\tr lplcnrnl prosthesis used in the present senes, tliora- 
rnpltsu r«pr< scuts ,i iar more formal ddc procedure for the surgeon while lor 
the patient it is more dcionmm: 

Lvtrajih uni prostlnsis jirescrus tin nit let thoracic wall and maintains 
tlx will s normal respirators filiation Paradoxic ll motion does not occur as 
it sn nftrn dors ait. r thorn oplasti 

l ms blood is lost m iNtriphurd disscrtam th m in thoraeoplasti—a fact 
wlii.li issuin's (onsnhrihh important* when the loheetonn is perfonned eon* 
' nrr< nth 


Tlx sji it. leu In tht lobe tnim < m lie filled more acruriteh be a tailoring 
ph umpUxt\ thin it i m lx In a thorn oplns\\ 

Ihsturhain' to tin shoulder cirdlo is nduttd h\ extrapleural prosthesis 
I!" on 01 tlx s,prosthftn tolhjtsc \entilntion of the remaitum: 
jjisil iti r i! lum. tisvu« is mort (omplae thin \cutdatiou alter other nuthods of 
*'•1! ij* < a until r of sj.i , nl importune during the immediate and the late 

jx xpt niis i pi rx>ds 
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dieates the necessity of concomitant collapse and extrapleural prosthesis, the 
usual sequence is to proceed with the intrapleural freeing of the lung, accomplish 
the pulmonarv icsection, and then fashion the extrapleural pocket to fit the 
space 

On the other hand, de\elopment of the extrapleural pocket is done before 
the lobectomy uhenevei adhesions ovei the upper lobe are so dense there is a 
dangei of fragmenting diseased lung tissue near the pleural plane This al 
temate sequence, incidentally, facilitates separation of the parietal and % isceral 
pleura smee it brings the apex of the lobe down into new where a more metic 
ulous dissection can be earned out 

Intact presen ation of the pleural layers is not essential Where there is 
danger of entering the lung, the surgeon need not hesitate to remove localized 
areas of both of the pleural layers As a mattei of fact, in some patients of 
our series the floor of the extrapleural pocket had as many holes as Swiss cheese 
Such conditions make little difference m the end lesult provided the pleura 
forms a confining neb which will retain the prosthetic spheres 

After the extrapleural pocket has been fashioned, any large spaces mad 
veitentlj made m the pleuial diaphragm aie closed, but smaller openings are 
allowed to remain for drainage Intrapleural catheter drainage vas found 
adequate foi the clearing of both intrapleural and extiapleural spaces 

REVIEW OF CASES 

The 110 patients in the series ranged in age from 7 to 65 j ears A gradual 
trend was noted of increasing age, the lesections during the period being per 
formed on mcreasingh older patients Nine per cent of the patients were over 
50 years of age (Table I) 


Table I Sex and Aoe Distribution of Cases 


AGE IN YEATS 

CASES 


7 20 

10 


21 30 

20 


31-40 

39 


41 50 

24 


51 and over 

11 


Wale 

52 


Female 

58 



In most instances, resection vas limited to the upper lobe but the series 
included a variety of lobal segments For instance, in two cases of lover lobec 
tomy, the prosthesis was localized in the costophremc sulcus (Table II) 

The size of the prosthesis was, of course, governed bi the volume of lung 
tissue removed The average prosthesis consisted of six spheres, each of which 
measured l\ f \ inches in diameter and occupied approximate]! 1 cubic inch of 
space 

Three tvpcs of prosthesis were used The first 17 patients m the scries had 
an air space, de\ eloped at the time of resection, which later vas converted to 
an oleoplombage In one case a Lucite sponge vas used Lucite spheres were 
emplov ed m the last 92 cases 
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Tvcir IT Extent or Eejection 


Right upper lots 
I '■ft upp^' loin 

Right upper lob-: and superior srgm<.nt of right lower lohe 
Iyft upper lobe ami *upnoi segment of loft low.r loin 
Right upper lobo ami decortication of right lower loin 
loft npp> r lobo ami d.sorti. atinn of loft low.r lobo 
1 tght upper lobo awl wedge of right lower lob 
Iyft up{>cr lolvo and wtsjg. of b ft !tvw. r loin 
Eight upper lobe ami right middle lot>o 
fo«1eroapiral and anti nor r> gments of left upper loK 
Nujnrior < grcent of left lower lol>e 
I’o teroapmal «egment of left upper lobe and superior 
•egra nt of left low.r lol>e 
Eight lower lolx* 

Pight loner lobe and wedge of right upper loin 


NO OFCVSES 
4? 

33 

6 

3 

n 

i 

3 

4 
3 
3 
1 


1 

1 


We enronnti n 4 hoik* of the motor compluations from prosthetic leplaee- 
lnont tint tre until tit Mime of the reports Neither efiusion lior migration of 
pronthttio malt rial was encountered Infection of the prosthetic space—except 
in nsMiei ltion witli hronthopleurd fistulas—was encountered ord\ m the one 
rano of prosthisis In Avahm sponge C omphcations that were met in I lie senes 
art gnt n m Tahir III 
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Tip fno tm.,turns nit,.tint,ml n> the mtkn resulted irom hronthopleural 
, hs n1 '' 1 prohtbh hati ot.urred with or without prosthesis 

In tmirot this in. t m.-s diseas. w is far idv uictd ami hilateral All five 
\v.r. difh.nh r,s.ttnms Two r,,|uind loh,<t,„m plus deeortuatton ,nd had 
>» nv ‘tnll hr, n, hop!, nr d J.sud .s pns. m on , lostir. Two others minimi 
"* th “ M M«r,..r tln.M.,1, ot tlu low.r lt.lK m addition to 
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th ’ tl,. fistula two and one 

1 KMif J , J » t o 
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Spread of disease followed surgery in three patients of the senes One 
patient, a Mexican teen-age girl, was in the desperate lisk classification pre 
operativelv Sixteen months after a light upper lobectomy, she still is m the 
sanatorium, slowly improving, but still sputum positive The remaining two 
patients who suffered spiead of disease weie recalcitrant to postopeiatne tlicr 
apv Neither accepted bed rest and one lefused chemotherapy 

Infection of the prosthetic space, without bronchopleural fistula, occurred 
m the one patient in whom a Lucite sponge was used as the prosthetic material 
Since the dominant growdh of the infection was Pseudomonas aeruginosa, we 
suspected contamination of the space as a lesult of difficulties m sterilizing 
the prosthetic matenal, and we abandoned furthei use of sponge piosthesis 

Seveial causes account for the thiee deaths encountered in the senes The 
first death occurred in a male patient who was dischaiged fiom the sanatorium 
as a probable cuie Six months later he was found dead in his home Death had 
taken place several dais pre\loush, and the cause has ne\er been determined 
The second death happened four dais after resection and no autopsy was oh 
tamed Cause of death was assumed to be a pulmonary embolus The thud 
death m the series was the Oriental patient mentioned m the discussion of bron 
chopleuial fistulas 

All of the complications mentioned prenoush occuired in the first 48 pa 
tients m the series, whereas the last 62 patients were fiee of these difficulties As 
will be seen, this lmproiement lesulted, m all likelihood, from the change of 
the prosthetic material fiom oil to spheres, and from the discoveiv of a more 
adaptable method of using these spheres 

PROSTHETIC TECHNIQUE 

Oui technique foi extrapleuial piosthesis has eiolved through several de 
\elopmental stages Our first patients m the senes were given a tempoian air 
space which later was filled with oil "While this method fulfilled a few of the 
entena for good functional piosthesis, an airtight pocket could not alwajs be 
obtained at the time the opeiation was peifoimed since the panetal pleura was 
occasionally torn in the process of sepaiatmg adhesions This, and the need 
for periodic pressure checks—and, m seicial patients, the loss of the air space 
were factors which combined to foice oui search foi a moie satisfactory pros 
thesis 

In one case in which an an tight pocket was unobtainable a temporary 
substitute was fashioned with a Brake bag The result was very satisfactory 
in maintaining the pocket, but w e had difficulty later m removing the bag, and 
we felt also that the hazard of infection was too great to warrant a continuation 
of this proccduie 

Bale and lus associates 3 liaic reported the use of Lucite sponge for extra 
pleural piosthesis, our experience with an infection following the use of an 
Aialon sponge piompted oui change to the use of hollow Lucite spheres 

Spheres weie used in 92 cases In the first of tins particular series, vc 
tied the spheres together and secured the resulting cluster to Sibson’s fascia 
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Fig 3 



Fig 4 

Fig 3—R. A n 44 jearold man with bilateral apical tuberculosis accentuated on the 
right side Prcoperathe broncho«plrometr> studies retealed borderline pulmonorj reserte 
due to bilateral loner lobe cmphjsema The preoperathc studies Indicated that further 
distention of empli} senile arena would result In further diminution of borderline al* color 
function 

Fig 4 —Same patient following ritht upper lobectom> with replacement extrapleural 
prosthesis 
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Several methods of grouping the spheres weie tiled For instance, holes were 
dulled thiough their centers for ligature gioupmg In every case of this kind, 
lei els of fluid developed inside the spheies, a mattei which not onh caused 
confusion m \-iai follow-up pioccduies but which tinned the spheies into po¬ 
tential foci of infection 

As a means of keeping the spheies togethci, small orthopedic screws were 
inserted m their walls and the ligatures attached to these Solid halls of the 
Lucite with holes bored thiough them were also tiled in oui search for the best 
prosthetic method These last two manemers weie effective, but we latei found 
it unnecessari to group the spheies at all 

In each of the final 85 patients m the senes the spheres weie emplaced 
loosely and were localized only bv the reconstiucted pleural diaplnagm This 
method of extiapleuial piosthesis has proved to be the most adaptable and has 
lesulted in fewei complications 


COMMENT 

Postopeiatne complications which lesult from overdistention of the lernain 
mg lung tissue aie ledueed wlieneier collapse is instituted concunenth with the 
lobectomi Pulmonaij' resection in tins mannei and leplacement by a pros 
thesis is, of couise, attended hi the same complications eithei piocedme entails 
when done scpaiateh Immediate postopeiative difficulties consist of operatne 
shock and bionclual spiead of the disease Later complications may embodi 
the vanous stages of infection, including bionchopleuial fistula, development of 
empiema, and spiead of disease by oveidistention of quiescent lesions How 
eiei, in the 110 cases discussed, complications occuired m onlv 8 per cent, while 
the final 62 cases (56 pei cent) were fiee of complications 

The ratio of complications to cases was appioximately I to 15 in the sphere 
gioup as compaied to 1 to 8 in the oleoplombage gioup 

Since, pioportionalh, the laige series of cases in which Lucite spheies weic 
used had about 50 per cent fewer patients with complications than had the 
small cailiei prosthetic gioup, it may be concluded that loosch emplaced Lucite 
spheies offer a fai preferable piosthetic method 

SUMMARY 

1 Extrapleuial piosthesis was performed concomitanth with lesection m 
a series of 110 cases Prosthesis consisted ot oleoplombage in 17 eases, of a 
Lucite sponge in one case, and of Lucite spheies in 92 cases 

2 The indications for preientne collapse following resection aie gnen 

3 Concomitant lobectonn and tailoring pleuioplasty for extrapleural pros 
thesis offers surgeons and patient a numbei of adiantnges ovei the combination 
of lobectonn and thoracoplastj 

4 The technique is outlined for the surgical proceduie, emphasis being 
gnen the pioblem of de\eloping the extraplcuial pocket 

5 Complications occuired m onh S per cent of the eases The comphca 
tions were bronchopleuial fistula, spiead of the disease, and infection of the 
piosthetic space 



( OTTOS \M> I U t-Sl V 


i..vrr\i iH’itu pro'rmyp with BtSFcnox 407 


f. Three deaths oeturml m the senes One was sis months after discharge 
,tn»l was of unknown tame One was presumable turned ha a pulmonan em- 
IkiIiis (Ini followed an o\erwhelmnnr infection that aecompamed a broncho 
plrnral fistula 

7 Various tepe^ of t straplenr ll prosthesis were tiled Fiee Lueite spheres 
pln*d slime a menstruated pit oral dinphracm were most satisf.aeton 
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SUGGESTED MODIFICATIONS IN THE APPLICATION OF THE 
SIGMAMOTOR PIMP TO THE TECHNIQUE OF CONTROLLED 
CROSS CIRCULATION 

Richard D J ones, B A, Earle B Kay, M D , Stephen S Hudack, M D, and 

Frederick S Cross, M D 
Cleveland, Ohio 

F AMILIARIZATION expenments m dogs using the eontiolled cross circula 
tion technique of Lillihei and associates 1 2 for the direct vision method of 
closuie of ceitam congenital mtiacaidiac defects in human beings have led to 
seveial -valuable modifications in the application of the Sigmamotor Pump 
By means of the multifingeied Sigmamotoi Pump, -which massages fluid 
by senally applied piessui.es on the outside of two pieces of tubing, equal 
rates ol pulsatile blood flow may be established in two external circuits of 
small i olume In use, the cncrnts are connected (Fig 1) by means of catheters 
so that oxygenated blood fiom a donor aitery is pumped into the ascending 
aoita of the recipient, and the venous leturn, excluded from the right heart, 
is collected from the supenoi and mfeiioi venae cavae of the recipient and 
pumped into the venous system of the donor If the flow rates are equal, 
blood volumes in the donoi and recipient remain unchanged, and the donor, 
thiough hypeiv entilation with 100 pei cent oxygen, is capable of aerating both 
his own cnculation and that supplied to the lecipient 

Some difficulties inherent m this proceduie have been met by the follow 
ing modifications 

1 An adjustable collar foi fine calibration of flow balance 
2 A lesenou applied to each system ns a hydraulic cushion in the event 
of lestuction of eithei inflow catheter 

3 A means of rapid replacement of blood loss during the operative pro 
cedure 

4 Plastic ndges applied to the cnval catheter to facilitate placement 
through the heart 

METHOD 

These modifications aie illustrated m Figs 1 and 2 A short piece of 
Tygon tubing is cut so that when securelv adapted over glass connecting tubes, 
with the closed adjusting collai against the input face, a slight amount of ten 
sion is maintained on the Tygon when mounted in the pump An inverted 
100 ml pipette is connected in each svstem to the upright stem of the glass 
crossarm with a short piece of Tvgon, and the tip of the pipette is closed with 
a rubber tube and clamp The side aim is connected to a small diameter 
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Tvjjoti tube wlneh is ehnnped reidv for use ns nli in infusion setup The 
MsWrn is filled with saline hv running the pump 1 nheel suction hulb being 
us. <1 to dm vdme into the pipette The si stem is freed from bubbles nn<l 
the fluid r<sfr\eur is pirti.dlv degassed hi repented cHmping of the lntnhe 
1 ithe te r v hile the pump is e*pe r \timr 

ni-ci. ssion 

v <nsitu< tloi hiinne 1 itinn lee 1 nun mm he maele with 111 adpist- 
ihh eontrol e nil 11 on e i< h eiremt Hi elestrietuig the eemtrol eollirs it is 
pe ssdde to deere es ( tl\e intern it <h unete r .u the tubing pissing through the 
] 111 mp the r< In oht nmmr 1 ehereise in output volume pet jntlse The ghixs 
ee.mu'tors fitting the tubing tightli ire lulei it the outlet face mel it the 
end nt the control eeill lr te> olimumte tree]) oi the tubing through the pumping 
1 hmiht r 

T he leiel eel the s time Ul the pipettes is l sensltlle indicator of flow 
elm tunes mi lestrtetion of mt the resultin': in t sharp lowering of the fluid 
leiel m tin 11 irreei upper stem nj me stuh lestrietion e>t mtihc mil often 
sue! Iir llitee the e lie tilt at the point eel lel.ipt Ut le»n «»1 tithing llld ( ithetor or 
t [• 1st will t nise extensile el e l tssini! e.f the hhiml the pusuue of the hi- 
elrntiti ettshmn is 1 s.iuree <>1 tlutd sttppli until the t .itlie te rt/e el vessel can re¬ 
fill t stimlnel Miheitt ehspeis lhlt Hlooel Recipient <et is use el is in elietue 
stipple nil nt lri blood slippll either to 1111.110 111 blood leduilU 111 the C' cut 
tf t in m. do e ithe te r hi 1 emu s o< 1 bide d be e mse ol insiifiu unt supplv or tee 
mp* iis,i 1 tor 1 eireiinn spill im while tin he irt is open The neeelle uliptcr 
Is (e mie e te d efire e 11 \ {eitlie side irtll Hit! bleieeel is dr l\\ n Ultei the e ire Ult wile 11 
e 1 1 r the side irill e 1 imp is le U ise d 

I.tilehle s m the < ire Ult m t\ h< pe rsii nh el t» find the tr \\ iv into the pipettes 
hv pr< pe r mipul ition tubing mel i itheters elninnitnu. eliseemnee tmns 
1 ' r the e Uhe te ^s ire llise rte d 
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pressiue head in the donor individual and through obstruction of the venne 
ca\al catheter in the lecipient individual The latter complication is fre 
quently initiated by excessne aitenal blood loss through an incompetent 
aortic valve and the ventricular septal defect m the open heart The lenous 
leturn is thereby diminished and the lenae eaiae are sucked into the intake 
openings of the catheter This chain of events can be controlled to a great 
e\tent by mtei mittent occlusion of the ascending aorta while the heart is 
open, thereby pi eventing regurgitation of blood through the aortic lalve In 
addition, smaller intake holes in the collecting catheter, or the incorporation 
of a blood leseiton between the lecipient individual and the pump, will le 
duce the hazaid of cathetei obstruction in the recipient individual We 
feel, howevei, that it would be beneficial to hare an efficient, but not too 
complicated flow-metei incorpoiated in each cnetut so that the exact rates 
of blood flou in both dneetions w ould be known at any gn en instant 

SUMMARY 

Modifications aie suggested for the use of the Sigmamotor Pump in cross 
circulation procedures They present the follow nig improvements and safe 
guards 

1 Aceuiate and permanent adjustment of flow balance by means of a 
simple expansion collai 

2 Diminution of the major hazard of an emboli from the extracorporeal 
cncuit by furnishing a fluid buffer svstem 

3 A readily obseivable indicatoi of flow dynamics 

4 Addition of a blood resertoir for rapid leplacement of blood -volume as 
necessary 

5 A method aiding the accurate and secure placement of the catheter m 
the supenoi and infeiior t enae cavae of the recipient 
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W L NMMI to report the <lc\ clopment of a neaa fingernail mitral comnns- 
snrotoma Lnif< aahioli gre itla simplifies flic technique of mitral eoni- 
imssiirototin < om<mutnntla with this instrument the snfeta of the proec- 
eluri is enhuueel inasmuch as the madaertent production of a complicating 
initril re goirgitation is ohaiatcd 

Tin p itholoL'i of the st( until mitral \<ilie has been tloscriheel at length 1 
mil is not a topic for discussion in this paper It is sufficient to saa that the 
uid rtsult is a narrowed shthhe ligul ulvc orifice with thickened i.ahe 
leaflets, and with at'clutin ltion ind thickening of the chordae tendnicae The 
ehordat vr* aligned lonuitudnmlK m two rows one to the edge of each ag¬ 
glutinated a dae te vth t Tin interior commissure of the stenotic mitral anlac 
tends to form a fun iur\id eroo\e<llmc extending from the anterior portion 
<it tin st< until onto i to tin niaoe lrdi d wall This fine line is the 1 liidniark 
whole the surgeon uses to guide sifeh the splitting of the stenotic a.dec be¬ 
tween the elieiiilie If tin \ il\( sliouhl lie split outside of this line, a serious 
• "iiipln itmg until! re uiririt itmn would result ‘splitting the \al\e outside 
the line m iln elirntmu of the tuurd leaflet is not \ttetided ha ncarla as 
sitrmfic un e re gurgitation is aaouhl he produe ed ha a similar split in the aortie 
le uh t \h<, the instrument d cutting or the ehgital te mug of a chord 1 
t< ndiite i is itletulidha ntlieeidaidae U lflct and a se a e re regurgitation 

Not eaera stenotn mitnl aalae ie quires mstmim ntatmn during tlie per- 
foimiiHe of mitral t ommissurotoma \n inslrument is icepined m lhout '>0 


p< - e. in of tin e isis limeeaer if tin commissure is to he eoinphtela opened to 
tlo Jo art a ill V f« a\ a tUes split < isila ha mere insert ton of \ Inure r through 
' >l < < rit 11 ( il<iiii<! e ilees usu dla split e is)]\ miti dla ifter the fmgir has 

1" i i nisi rie d Tin e do n<et ah aas opf n e isila to the he irt ae ill howcacr mel 


ii ' r.(|iiin oldilt-ii d imuniim nt Uimi to oht nn m ede quite tarn huger 
*'i ■ mu Hi. \ this e huh maandfla require Hitting' in those aahith then 
nt He slot)],] in. til. lust results ami a.t m fr night a uh the gr. Uost 
’ 1 ' ""l' 11 ' ‘ Ul "s r‘ -Urcitation this, an tin slight h thle kernel mm 

*' 11 ,v ' hmh ir. , r ..|a mobile siae for the pres.m. m n tluek 

' ” uaih s n. ind tin s’.uiwd am,,, llino i ,h,, ,]„ spin 

’ ,, ' ' \ nms 1,1,1 nqnin imti.l mstnimenft 

umdiis ih. mix spin, isda ouapph.ationof 
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piessuic with the tip of the fingei m fuithei lnshumentation mnv be le- 
quned to gam an adequate two-fingei opening These aie the yahe leaflets 
"Inch <ue almost noimal and theoieticallv, should he attended hr the best 
long-i ange functional lesults Yet, a slight deviation in the cut from the true 
commissural line may lesult in a leguigitation which is at least as threatening 
as the onginal stenosis if not more so 

At all times it must be lemembeied that it is of utmost impoitance to per 
foim the eommissmotomr without the pioduction of a leguigitation or with 
out significantly increasing any mmoi existing one In the accomplishment of 
this the mtegiity of the commissuie must not be violated 

Seyeial factois of impoitance must be consideied m the designing of an 
instillment 

1 The instillment must facilitate extiemeh delicate cutting of the ag 
glutinated yahe leaflets It must make possible meticulous commissuiotoniv 
and pei nut small incisions so that folloyung each cut a leguigitant let may be 
felt foi by means of yyliicli an eaih minmnl 1 egurgitation can be detected 
It should not peimit the perfoimanee of a gloss split, yrhieli may produce a 
laige leguigitation The pioduction of a significant reguigitatiou mnv yen 
well pioye to be fatal or may pioduee eongestne failuie in the postopcintnc 
penod 

2 Fiequentlv, commissuiotomy must be peifoimed in the piesence of a 
thioinbosed auuculai appendage oi an mtia-atiial thiombus Under tins 
condition gentleness in technique is of utmost impoitance in the prevention 
of maiupulatiye embolization It is impoitant to design an instillment which 
can be worn upon the initial enhance of the fingei into the atrium and does 
not necessitate lepeated lemseitions of eithei the fingei oi other instruments 
into the heart Obviously each manipulation enhances the nsk of embolizn 
tlOll 

3 The instillment must be one which does not linpan full tactile sensation 
by the delicate pnlpatoiy tqi of the index fingei Simultaneously, it must 
facilitate the accurate cutting of the stenotic yahe exactly along the com 
nussiii al line 

4 It should be one y\hich pci nuts the index fingei to pnlpatc the rnhe 
hnflets and the commissuie at the identical moment that it is pcifoiming the 
Hist i uincntal commissui otomy 

5 It must be an instrument which is e lined on the index fingei at the 
time of its initial enhance into the left oh nun and may he used oi not at the 
discietion of the suigeon In the eyent that the knife is not needed it must 
not in am yray hindei digital action during the commissuiotonn 

Seyeial types of instillments liaye been pievionsh dcyised foi the per 
foi malice of lnstuiniental commissui otonn 311 Some are introduced into the 
left it mini ilong the y olai aspect of the index fingei and pi ey cut simultaneous 
pilpation of the yahe at the exact time of insh umentation, when it is needed 
most Others arc worn oy er the tip of the index finger These require seicral 
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r< ihm rtions 01 th* fing* r into the heart and bv cox ci mg the tip of the finger, 
I>r<»lud( tin ptiv-Mlnhu <>t its mbqnate p dpitorx sensation during the cutting 
m tin \aU« \tt initturtU <ut ml! hi ittendul In the usual complications 
of i jiot.jji diirnid loiiiinicvHrotoiin n imelx, r* gurgitation congestn e failure, 
md possihh cnh't <pu ill niort ditx 

tin r (MiiMthrihlr *\ptiiuw* in the pilp.ition of stenotic mitral xnlxes 
net m tin pi rformatu r of liiitrd * omnussnrotomx one of ns (A A B ) noted 
th it \ Inn tin ulu annulus x\ns fihrotic or calcific and difiicult to open, he 
du us itt* inptid to split tin mtinoi (ommisstue with the fingernail of the 
m<!<' fiu.ir Tins <x]>tn*n*< proxuled the initial stimulus and ieali 7 ation of 
tin hi 11 ssit\ lor tin d* \«lojmunt of our jiresent knife 

It v is otuioiis that it w is liiicssiri to <lc\tlop a steel fingernail knife 
on* \ huh in t ft* it r* pi width* ficc edge of the existing nail In a small steel 
Midi ( on*omit itith it u is isscnlml to presnu the inlcgiitx of the pal¬ 
patio \ 11(1 md sid* oi tin huger so th it it was in no wax impeded during the 
p dp itorx ixploritmn of th* mitral \ dee md the Utt it rial elinnihei 

Tin Vmfi x lmh v* hax* d*\*lop*d is i hngornail tommissurotonix knif* 
IA um of i a urow snug fitting ring plated high around the distal phalanx 
'■ s!< «1 fuic* m hI is m nntaim d m position our the existing fingernail which, 
til tin n plans 1 sin til < r< s* < nt shap* <1 Made immedntelx heneath the free 
'du of tin n nl r I it. !i I lus Mad* is sharpie edg* d md projects hex ond 
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the penonyeliium This selves to conceal the entile knife within the contours 
of the existing nail A small hole is made m the ung poition for the attach 
ment of a length of steel wire, as an added safety factoi m preventing its dis 
engagement v hile in the heart 

The entile knife is made of stainless steel There aie no sharp edges or 
comers to cause snagging while in the heai t, and simultaneonsh, there are no 
inaccessible surfaces to prevent its easy cleaning and sterilization It is best 
stenlized m oidmaiy suigieal scalpel stenlizmg solution 


Fig 2 




Fig 3 

Fig 2—Oblique Wen of the right Index Anger sliou Ing tbe Angemail knife in plnso 
on the distal phalanx. The crescent-shaped blade is beneath the edge of the Angemal! ana is 
maintained In position bj it. 

Fig 3—Close up ot Fig 2 showing the Angcrnall knife in place The palpator} surfaces 
of the Anger tip and the side of the Anger are not impaired b\ the Instrument 


The knife mar be used on the bare fingei, as some surgeons piefer to enter 
the heait, 01 it mat be used undei a lubber glote (Fig 5) Should a glote 
be worn aftei it is slipped on otei the knife a small piece of lubbei oier the 
i erv tip of the index fingei must be excised so that the knife blade itself mat 
be properlv baied while perfoinnng the commissurotomy 

Because of the tremendous tanation in the size, shape, and contour of 
the distal phalanx and nail of the index fingei of different individuals it be 
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i mu ohwous that although it might lip possible to establish standard sizes, in 
ur/br to r< ills fit pirfccth and work util the knife Mas best suited to be 
individii dh < uMom made ( onsoqnenth the manufaetiirei of the instrument 
Ins j»r<nidid for liidnidu.ihzatinn in the fitting and casting of the fingernail 
eommissurotoiin knife This mas be performed with onh a minimal amount 


He 1 
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SUMMARY 

1 A custom-made fingernail knife has been developed and described m 
detail 

2 This knife enhances the safety of the operative piocedure of mitral 
commissurotomy m facilitating the accurate cutting of the stenotic lahe ex 
actly along the commissural line 

3 The precision with which the commissure can he cut obi lates the pro 
duction of any significant mitral regurgitation 

4 The instrument facilitates delicate cutting of the stenotic mitral valve 

5 The knife is worn on the index finger during its initial entrance into 
the heart, which obviates the remtroduction of the finger and other lnstru 
ments This is of importance in the prevention of embohration m the presence 
of aunculai and atnal thrombi 

6 The instrument does not impair the palpatory ability of the fingei tip 
It may oi maj’ not be used, at the surgeon’s discietion If it is not used, it m 
no way hampers digital commissurotomy 

7 The knife is hidden in the recesses of the contour of the penonychium 
This selves to sheath the blade of the knife so that its cutting action can be 
employed only at the suigeon’s discretion 

8 Most important, it permits the valve leaflets and commissure to be pal 
pated while the instrumental commissurotomy is being performed This is the 
moment when simultaneous palpation is most ciucial 
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P XTIIATS who La\» had a surgical procedure imolung the cheat are tound 
to l> in i s.nte of lowered artcnal ovegen saturation m the immediate post- 
oj^ratn* p> nod This can Ik explained on the basts ot poor acntilatore 
( v !\ane> dm to mitral eh predion from anesthetic agents incisional chest pain 
and d muted s cretions, producing plnsiologic blood shunting through poorh 
n* imn\> ntilated anas oi the lung In \oung patients and m the absence ot 
eanb'tnspir’ton. e ontpln atioiis there is a spontaneous tendence to retuni to 
norm il 1 mIs of arterial oucin satnrition sbortK alter surgera when eon- 
srmusius> is couplet' Mild sedation is then administered and cough is en- 
lourcd In old'r pitunts the return to normal leieK of arterial owgen 
Mtuntnut is slower c ardtort spintore. <omplii ltions appear mon frecpicnth 
ml fiimtmn 1 nlapt ition to tin new situation created In siirgen takes longer 
'Mam autli >rs hue contributed a numlier oi well-cst.ahhdied nets to our 
lm>\! L •'ini 'ppheition ot o\\gen as a therapeutic agent Cardiojnilmonan 
c'i'' n’n.ww hk< t iiiini md t I'lnrne ( hristie AN right and nnm others line 
d> f'od nnm' rows pnblu ilmns to sneh problems Baraeh in 1ns book on omircti 
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>"d > <> i In \ndnws «U ds with this subject 
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ut d mui rr'fr sun.'r\ md h s still ,o oecreonn the tnjunes inflicted be 
m rddsra.se sm, tin o mdntons pnnnriK r> spomible tor this tntiM 
• m i’j i^i-t rTirio* 1 * dumb nbd upon for ns pnerntion the routine 
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In the past, changes in pulse, lespiratoiy xate, and clinical condition of the 
patient were used in common clinical pioblems as criteria to institute, stop, or 
regulate the amount of oxygen needed by the patient It was then considered 
advisable to administei the patient oxygen flows betw een 5 and 10 L per minute 
via a nasal catheter, and any flow under 5 L per minute was thought to he of 
little value to the patient These data, when properly interpreted, are of con 
siderable help, but they do not have the same direct measuring quality as 
the arterial oxygen saturation level m determining the oxygen lequnements of 
an individual case 

The use of the continuous-recording oximetei foi the study of the clinical 
problems m this institution furnished us with an accurate method of judging 
the effectiveness and indications of the different techniques of oxygen therapy 
applied in the routine postoperative treatment of surgical chest cases and to 
correlate the validity of clinical criteria 

METHODS 

Fifty patients on whom different thoracic suigical pioceduies were per 
formed furnished the clinical material used m this study Among the surgical 
piocedures were pneumonectomies, lobectomies, segmental lesections, thoracn 
plasties, aortic resection, mitral valvulotomies, and esophageal suigery Ml 
these patients had reduced ventilatoiy efficiency, paitially due to an operation 
on the chest wall 

Those with pulinonaiy resection had the additional factoi of a i eduction 
in lung capacity (Table I) A continuous recoi ding, Wood type, eni piece 
oximetei, built at The Univeisity of Chicago by Fr Peikms and associates, 
was used for the aitenal oxygen saturation detei mmations The lecording 
papei speed was set at 1 cm pei 2 5 minutes m oi der to make it suitnble for 
several hours of continuous recording (Fig 1) 

Table I Usf of the Recording Oximeter i\ Management of 
Postoperative Oxygen Therapv 


DISTRIBUTION OF OPERATI1E PROCEDURES 
Pncumonectomj It 

Lobcctomj (partial or complete) 16 

Exc of emphysematous blebs and bullae 1 

Chest wall operations 1 

Miscellaneous mtrnthoracic (without excision of lung) 11 

Total 50 


Immediately after suigery the patient x\as tiansferied to the icemen 
room, where pulse late, lespnatoiy late, aitenal oxygen saturation, and 
clinical condition were carefully lecoided on the oximetei record 

A base line for aitenal oxygen saturation, pulse late and respiratorv 
rate was then established In allowing the patient to bienthe loom air long 
enough to get a plateau for at least fir e minutes 

Oxygen, 100 per cent, was then administeied hx the following menus 0) 
a face mask connected to a McKesson machine with positne piessures of 10 
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Him H'_ ppliffl 1 2 ) IIT II nu im^k w ith m o\e<rcn flow of 10 to 12 L per 
jnmuti i i' ua i imil < itlut* r is soon -s the pitunt retruneil consiiousnebS 
l’r. mu" t<> this nun tin piticnt" tulil eolmne nv nisufhrieiit to allow the 
U"< ot i t it" - tl < itlut* r 1 low " ot 1 2 1 '■> 7 "> iml 10 L per nmmte were 
thr n < "tihljvhnl Mif.nunt time litimr illowe'l In tween flow dmices tor the 
pVntt? .o mi'll Mistimul loch ol situntum The cfheience of the ovuren 
tin ripe e i" jmlm <1 prmnnh on the Iiimc of nrternl oween siturition 
e ilui" tin pitunt \ i" lift on the lowest oween flow per minute necessire 
to liMintiin in h1h)U it« irti ml o\ic»n siturition 
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RESULTS 

In this senes, 90 per cent of the patients showed a decrease in aitcual 
o\\gen saturation following surgery lasting fiom three hours to se\eral weeks 
after tlie opeiation, depending pnmanh on the presence of caidioiespiiator\ 
complications The average \dume of all patients was 88 per cent of artenal 
°Mgen satuiation twentj r -foui hours aftei the surgical procedure, whereas 
noinial figures of aiteiial OMgen satuiation lange from 96 to 98 pei cent 
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Fie ^'—Kesponee to ox>gen \Ia a nasal catheter in a 62 year old patient twcntj four 
Iiours after a right pneumonectomy Near to maximum rise In arterial oxygen saturation 
Is obtained with onij 25 L per minute of o\>gen flow Jsotice the changes In pulse ana 
respirations closely following the changes in arterial ox>gen saturation 


This hvpoxia lesponded quickly to ovjgen therapy regaidless of the wai it 
was administered When given 100 per cent owgen with a McKesson positnc 
pressuie maclune, aitenal ov\gen satuiation aboce noimal values was reached 
within one or two minutes aftei starting In twenty patients the acerage m 
crease of artenal o\jgen satuiation was 10 pei cent, a plateau maintained at 98 
to 99 per cent lei els Completeh sinnlai lesults were seen when using BBB 
masks with om gen flows of 10 to 12 L pei minute 

The lesidts in an nieiage case are shown in Fig 2 It will be noted that 
OMgen flows of 2 5 L per minute when administered cia a nasal cathctei proved 
effective in raising the satuiation to noimal oi close to noimal le\els m all 
patients without cardiorespiratory complications, wheicas without this inform! 
tion, flows of 5 to 10 L per minute are frequently used The aceiage increase 
in saturation obtained in all 50 patients, 24 hours after surgery was 5 per cent 
i e , from SS to 93 per cent Fn e liters of o\i gen flow per minute brought a rise 
m saturation of 7 per cent, from 8S to 95 per cent, or onh 2 per cent higher thin 
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• int rnr-lir-l n^inc 2 => L por minute* Ilipher ovipen flows of 7 5 tnd 10 L per 
minute <ltfl not pr«\f rffr^tne* in mcinp saturation apprccinbh oier tlio prcuous 
l< 1 Is n n In <1 1 ith 7 L pf r minute in most patients 
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In some patients the use of onlj 1 L per minute oxygen flow ua nasal 
catheter raised the arteilal oxygen saturation 10 to 15 pei cent, demonstrating 
how impoitant even small amounts of oxjgen are Tlus finding was only in 
patients with maiked decrease m pulmonary resene This was observed pre 
operatively in patients with advanced pulmonaiy emphysema It was seen 
followung pneumonectomy in cases wnth seveie complications such as atelectasis 
and bionchopleural fistula Patients wnth pulmonaiy hypeitension during the 
postoperative period also evidenced such response to small oxygen flows (Pig 4) 


JS 592492 EXC OF BULLAE 
24 HR PO 




Flp 4—Response to oxjpen therapj In a 59 year-old patient 24 hours after resection 
of left lower lobe for emph>scmatous bullae Arterial oxvpen saturation raised 14 P cr . 
on 1 L per minute of o\>gcn flow \la a nasal catheter Notice absolute lack of correlation 
In pulse respirations and arterial oxjcen saturation \alucs 


SUMM \R\ AND CONCLUSIONS 

The use of owgen theiapv as loutine pioceduie is indicated in all post 
operatne cases following majoi thoiacie operations Jn voting patients with 
out caidioiespnntory complications, these studies show' that there is likely to 
he no need foi oxwgen following the dav of sin gen In older patients and in 
the presence of caidiorespnaton complications, oxjgen therapj' mav be ncccs 
sarj for a long period—until the patient is able to maintain an adequate 
nrtcual oxvgen saturation while breathing loom an 

Since adequate artei ini oxvgen saturation can be maintained on low oxwgen 
flows of fiom 1 0 to 5 0 L pet minute, the use of Jaigci amounts of oxvgcn is 
not onlv unnccessaiw and uiicomfoitable to the patient, but also dangerous to 
the extent that it thickens secietions which mav lead to atelectasis 




CLOSURE OF EXPERIMENTAL ATRIAL SEPTAL DEFECTS IN 
SHEEP WITH A SPECIAL ATRIAL RING CLAMP 

John Borree, F R C S 
Dunedin, New Zealand 

INTRODUCTION 

A CLAMP has been developed which has pioved effective in aiding sur 
gical closme of atnal septal defects in sheep and which promises to 
prove applicable to human beings 1 

The existing sni gical techniques, vhich aie amply summaiized bv Gross 
and Bjoik and Crafooid, 3 have fallen into two groups, (a) the extiacardiac 
appioach and (b) the mtiaeaidiac appioaeh 

Because of the ease and safety with which one is now able to palpate the 
mteilor of eitliei atiium, it is advisable to use a combination of these two 
methods To me, prelnninaiy lutracaidiac palpation is an essential step in 
that it at once leveals the anatomical natuie of the septal defect piesent in 
eluding its site, size, and shape, and all the possible venations of these ns 
fully descubed bv Patten' in 1938 This impoitant aspect having been dc- 
tei mined, the sui gical closuie can then be accomplished 

THE EXPERIMENTAL WORK 

On Noy 6, 1952, experiments weie staited to find a simple method of clos 
ing atrial septal defects 

Sheep, especially lambs and hoggets, weie chosen in piefeience to dogs 
as being essentially commeicial animals with no sentimental yalue, readib 
available on the weekly stock maiket, inexpensive to keep, quiet, and easy to 
convalesce at Iuveimav Reseaich Taim, eight miles in the eountiy 

Anesthesia —A half-hour before operation each annual lecened a sub 
cutaneous injection of moiplime giam and ati opine y s0 gmin Anesthesia 
yyos induced with yeteiinaiv Nembutal using a dose of 1 giain pei 10 pounds 
of bodv yy eight, and injected thiougli a No 13 B-D needle into one external 
jugular yein The needle y\as leit m situ, and through it yyas threaded a tine 
polythene tube yyliich yvas next connected to a glucose saline drip Muscular 
relaxation yvas obtained yvith intravenous Flaxedil, 1 c c (40 mg) There 
after, a No S cuffed MeGill endotnchcal tube yyas nisei ted, and the animal 
connected to an open cncuit Palmei pump yyhile an assistant hand operated 

From the Department of Surg^rx Unlxersltj of Otago and the Cardfo-thoraclc Depart 
nient, Dunedin Hospital ?xcx\ Zealand 

A 16 mm color film of this procedure was shown before the Scientific Meeting of 
Royal Australian College of Surgeons Sydnej Vug 20 1963 
Received for publication JuJ> 24 1^54 
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ini in iLAMi ion (lo-iir or \tri\h srrr\L duflts i\ -sheet - i-i 

th*» olnn-1 \ahe The closed cirtint of the Palmer pump was hter used 
\\ itli thi do'td nmiil the tidal air v is idjusted to the weight of the animal 
’s sun in tin chart il ,<_ 1) vlinh Mas fmalh constructed alter trial had 
productd J'> shnp nc-thisns with sutctssiiil rsio\ en 

/’/ / —In tin first Id operations the heart w is approached hi a total 
splitting os tin sternum The aim was to assess the possdnhta of approx- 
imitim. tin r.cht and lift mruular appmdages through the normal mter- 
itnal s ptiun similar to tin method of *sw m ' 
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A box-jointed clamp, subsequently found to resemble the clamp that 
Dodrill 6 had made to cieate experimental defects, was fashioned with a cen 
tral space to accommodate the heait and with tuo terminal lmgs of 18 mm 
internal diametei Unlike Dock ill’s clamp, the lings were not complete 
cncles, each had a gap % 0 inch wide in the cn cumference and placed opposite 
the attachment of the handle (Fig 2) 


A 



B 

Fip 2— A Atrial clamp from nbo\e B side \Iew 

The box joint enabled the blades to be lemoied sepaiately if lequned, 
and the gap m the nng allowed safe lemoial of the clamp in those earlier c\ 
penments wheie one suture had been madi eitently placed oiei the ring As 
only kght piessure Mas needed to close the clamp against intiantnal pres 
sine, accumulating expeuence shoMed that the gap in no uai weakened the 
rings Piovided the clamp had not been placed in a position that obstructed 
the lenous return to either light oi left atnum, there Mas no cardiac em 
barrassment The suipiising featuie Mas how Mell the heait toleiated the 
clamp, hoM regularly it continued to beat and Iiom easily it could be turned 
fiom side to side while the sutuies m ere being inserted 

At first one, latei tMo, double thiead No 4 silk mattress sutures Mere 
passed thiough the rings from left to right and back again, and tied There 
after, the pericardium Mas closed and a water-seal dram inserted The 
sternum was not sutured but the Mound Mas approximated uitli interrupted 
silk sutures for the deep layers, and continuous catgut for skin When the 
animal had recoieied spontaneous respiration, the uater-seal drain mss re 
moved Penicillin 200 000 units was given tuice daily for file dais 
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Comment on Phase I This senes of experiments had nei ertheless re 
vealed (1) that the atna aie as toleiant of being clamped as me the auncu 
lar appendages, (2) that, anatomically, tlieie was a eonsideiable space to 
maneuver in the tiansverse sinus of the heait which lies in fiont of the atria 
and behind the origin of the aoita and pulmonaiy artery, and (3) that the 
mteratnal septal line lies directly behind the ongin of the arch of the aorta 
in fiont and to the light of the entiance of the right pulmonaiy iein behind 

PULM VEINS 




p-jfr 4 _ A The anterior blade in position B The posterior blade In j>oMtIon 

nbo\c with one suture passed 


C Finn from 




jonti ti-AMi'io] ihh n ut virtu. criT\i dfifcts in «HEFr 4'11 


Vhnu If —llrrimng tht=e faets, theretorc, a second series of experiments 
% is < utttuif neti] on Mar 12 1*>V1 The heart uns approached from the right 
sob iltrmieh tlie fourtli nh h<<! One blade of the (lamp uas placed in the 
(r ns\(rsi snips md tin other lie Inhmd the htart so as to he medial to the 
iim oi ih< spj>erior and mftrior \enae eaane below the richt pnhnonan reins 
nid alxnf tin toroiian. sums The rurht pulmonars acin, winch was a guide 
to tin pot/nor attachment of the interatrial septum, was defined b\ dissec¬ 
tion T\ o or three mattress doubled l\o 4 silk sutures were passed troni behind 
tor ml b (1 mam, and tied IF ie 4 1 
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two from auncular hemonliage following dissection of peneaidial adhesions, 
the lesult of pievious opeiations to cieate atnal septal defects Examination 
of the seven heaits when the animals had been killed two months after opera 
tion showed that those sutures placed along the septal line had held, and in 
that aiea thexe had developed a broad sheet of fibrous tissue (Fig 5) 



Fig o—1 leu of Interatrial nail from abo\e tno months after sutures had been passed 


Phase III —To test the method fui thei and gu e finality to the e\pen 
meats, it was decided to cieate atual septal defects, close them immediately 
and theieaftei examine the heait, each opeiation being conducted as ail acute 
experiment One could theieby assess the degree of closuie, undo the su 
tuies, and then see the size of the defect thus closed The oecunence of pen 
caidial adhesions aiound all the opeiated hearts examined two months or 
moie aftei operation, and the knowledge that experimental defects in time 
tend to close, suppoited this attitude 

In foul otliei sheep, the light side of the heart was again exposed, the right 
auncular appendix clamped, incised, and the light index fingei inserted into 
its lumen With little pressuie it was possible to rupture the septum pnmum, 
then remove the index fingei, and close the atual wall with two larers of 
continuous No 4 silk sutuics Thereaftei the atrial clamp was applied as 
above, and tluee mattress sutuics weie passed ftom behind foiward and back 



t'lini < I \'M !()' CHolIl Ol \TI I\I -riTU DtlFCT' I\ "HFF1 43. 

it. hi, Tiii MituriN ttiri 1 t io*] from behind and tlu chin]) uas remoied The 
,,]>< r t)i>n \ is thm completed Immediate autopsa ‘•htvwed that not onh 
* r* lln trtifn ini foramina ctTutiveh dosed but also wlun the sutures 
\ !*• until.i tin lurtmttn li id measured on the aicr.ure 1 '1 cm in diameter 
I It! *>' 
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It is suimised that this lelatively simple method of closing atrial septal 
defects is applicable to man and that before closing them intracardiac palpa 
tion of the defect is advisable to assess the problem 

I wish to acknowledge great assistance from Dr F N Pastier and the staff of the 
Department of Pharmacology, Dr John Eitchie, head of the Department of Anaesthesia, 
Mr Hall and staff of the animal department, and Miss Marshall of the Department of 
Photography—all of the University of Otago, and also from Mr George Holmes, Director, 
Inverznay Research Farm, North Taien, Dunedin, and Mr Moore of the engineering firm, 
Wilson and Wilson, Ltd , Dunedin 
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Recent reports by Holden and Crone 0 and Cummins and Silvei 7 describe 
the bronchographic e\penenee with oily Dionosil m a total of 128 cases They 
presented considerable evidence that oily Dionosil is a safe contrast substance 
for bronchography No significant complication was encounteied among these 
cases There was no instance of lodism, eithei m the case material or aftei 
experimental ingestion by animals and human beings Bionchoscopy follow 
mg Dionosil bronchogiaphy showed no imitative effects on the trachea or 
bronchi, although one instance of mild clinical tiaclieobionchitis was men 
tionecl Coughing during bionchogiaphy was no more of a pioblem than with 
Lipiodol Ten of the 128 patients were opeiated on soon aftei bronchography, 
and on pathologic examination of the specimens, no inflammatory leaction 
attributable to the Dionosil could be found The postoperative course among 
these 10 patients was uney entful m all but one This patient developed right 
middle lobe collapse which subsequently disappeaied The i elation of the 
collapse to the contrast medium could not be ascertained 

MATERIAL AND TECHNIQUE 

The present study is based on a renew of the first 30 bronchograms per 
formed with oily' Dionosil* at the Cincinnati General, Daniel Drake Memorial, 
and Jewish Hospitals These were eompaied as to technical quality, clearance 
time of the contrast medium, and patient leaction, with an equal numbei of un 
selected Lipiodol bronchograms 

The bronchogiaphic technique in the two senes was uniform Patients were 
premedicated yvith Demerol, Nembutal, and atropine accoidmg to weight When 
consideiable bionchial secretion yvas present, postural diainage or bronclioscopic 
aspiration was earned out beforehand Local anesthesia was performed hi 
painting or spraying the pharynx with Pontocaine, and injecting 2 to 5 cc of 
10 per cent cocaine into the trachea thiough a cannula Geneial ether anesthesia 
was used in children undei 10 years of age 

When satisfactory' anesthesia was obtained, a tracheal cathetei was inserted 
to the region of the canna The medium was injected at room temperatuie, the 
Dionosil reqmnng thoiough shaking before use In the average adult approxi 
mutely 15 c c of contrast medium was instilled into each lung Piopoitionateh 
smallei amounts were used in children In patients with pool lespiraton 
lesene and in those in whom filling of only one lung was indicated, unilateral 
bronchography was perfoimed In all otlieis complete mapping of both lungs 
was attempted at one sitting During the injection the patients yvere postured 
m the usual manner, and the adequacy of filling was checked fluoroscopicalh 
Usually seieral spot films yvere taken at this time When filling of one lung was 
complete, incumbent anteiopostenoi and lateral Bucky films of the chest were 
obtained The opposite lung was then filled and examined m a similar manner, 
but right and left postenoi oblique meyvs were substituted for the lateral At 
the completion of the piotediue, postural drainage yias instituted 

•Supplied through the courts of Picker X Rn\ Corporation White Plain* X ^ 
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Pie 1—Lateral broncliogTam of right lung (selective bronchographj ) Collapse of mhl 
die lobe and anterior and medial segments of lower lobe in slowly resolving pneumonia. 
Collapsed segments are well filled with Dlonosll 



Fig 2—Lormal Dlonosil bronchogTam In a child (lung mapping) All segmental bronchi 

were visualised 
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Fib G —IlronrhlcctiiHlB rlRht upper lobe /! DlonoBll n I Iplodol 


\ nih w[i uroMnoi-ii uni with on\ pionomi 
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H>ddrn nrul ( miif statnl tli it .ah tolar filling did not occur with oih 
p (ihomI \\ < ip\( olwruil ahtolar flooding with both medn although the 
1 j>iii<lo| dul show a era it* r t*nd<nt\ to do sr> Then an re 18 instances of 
tloodine ' ith I lpmdol (■ impart d to 7 "ith Dmnosi] (I is 4) 

Tie *alt?n< ahilita <>i tin t\ o otntriM ntrdia to coat tht bronchial nail 
i is cm iji in <1 It \ is nuitid tli it Dionosil more < oimnonh produced a double 
loatr-s* 1 1 i<_> *• /’* llmmir it was a)«o noted tint mucosal coatnur 

oi i urnd rnon imuiuuh \'hmsmalhr unnunts oi cither < ontrast substance More 
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The most important advantage of Dionosil ovei Lipiodol is the rapidity uitli 
which it disappears from the chest roentgenogiam Films were made approxi 
mately 24 hours aftei Dionosil bronchography m 29 instances, and after 48 hours 
or more in 8 The average amount of clearing of Dionosil m 24 hours uns 
about 90 per cent Complete disappearance occuned in 48 to 72 hours (Fig 6) 
The slowest cleaiance rate encounteied uas 70 pei cent in 24 liouis 

In 18 Lipiodol cases, follow-up films ueie available varying from 1 day to 19 
months after bionchogiaphy The Lipiodol often remained in the lungs for 
weeks and even months Retention was particulaily stukmg m amount and 
duration m aieas of emphysema and m segments wlieie flooding had taken place 
(Fig 6) The peisistent shadow of the iodized oil often masked a paienchymal 
lesion, making senal film conipanson difficult or impossible It was paiticularli 
troublesome in the inteipietation of postopeiative roentgenogiams and lcpeat 
bronchograms 

In seven Dionosil cases maternal for lustologic study was available 1, 5, 5, 6, 
7, 8, and 51 days, respectively, after bronchography In addition to routine 
paraffin sections, fat stains weie piepaied m si\ cases In tluee of these (two 
with carcinoma and one until bionchiectasis) chiomc inflammatory changes were 
present Inti acellular fat dioplets weie visible, but it was impossible to 
determine whether this fat indicated endogenous lipoid pneumonia, a condition 
found in such cases, or represented phagoeytized peanut oil In two of the three 
(1 and 51 days, l espectively, after bronchography) fiee oil, believed to represent 
residual contiast medium, uas seen in the alveoli and bionchi The remaining 
thiee specimens, obtained 5, 7, and 8 days, respectively, after bi onchography, 
revealed free fat dioplets in the bronchi and alveoli until no suuounding inflam 
matory reaction Theie was no intiacellulai oil 

Although our pathologic matenal is limited, it appears that oily Dionosil 
causes no significant mflammatoiy reaction in the lungs Cummins and Silver 
stated that theie uas less oil in the lungs aftei Dionosil than after Lipiodol 
bronchography, and attributed tins to the fact that Dionosil was less viscid and, 
therefore, moie readily cvpectoiated 

DISCUSSION 

Oily Dionosil compares favorably with othei contrast media used f°> 
bronchography Like Lipiodol, it is much less nutating to the tiaclieobronclnnl 
tree than the water-soluble media, judging fiom the reports on the latter in the 
bterature Good anesthesia, therefore, is leadily obtained, and cough presents 
no serious problem 

There is no significant diffcience between Dionosil and Lipiodol m contrast, 
density, or detail as seen on the i oentgenogram (Figs 5, 7, and S), and lw*' 1 
are superior in these quabties to the water soluble media However, Dionosil 
and the water soluble media are slightly more difficult to see fluoroscopicall' 
than Lipiodol 
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Multiple microscopic sections weie prepared fiom each aica of injection 
There weie 5 specimens for each of the 4 dosages and 7 diffeient. internals, so 
that in all 140 different sites of injection were studied In geneial, the seventv 
of the leaction vaned, but not directly so, with the amount of Efoeame injected 
The changes noted were as follows 

Five minutes There were no changes noted m anj of the 20 nenes 
examined 

Txuenty-Faui Hows The majontj of the neive sections did not meal 
ani changes, but a few showed swelling of the mjelin sheaths, and two showed 
nnnoi hemoiihage 

Seventy-Two Hows Geneial nerve structure was still normal, but vacuo 
Iization, swelling and basophillie staining were present 

Seven Days All nenes showed seveie destruction as e\idenced hi focal 
hemoirhage, vacuolization, partial absence of fibers, nuclear fragmentation, and 
disruption of nerve sheaths 

Fowtecn Days Same changes weie piesent as foi seven dais except that 
m a few sections peiineuial fibrosis was beginning to occui 

Ticenty-One Days Seveie destruction w r as still piesent as evidenced In 
complete lack of oiganization ot the neives Nerve Abel’s were not identifiable as 
such, much vacuolization was piesent, some few capillaries weie noted in the 
none bundles (Fig 1) 

Twenty-Eight Days Neives weie recognizable, although edema was still 
piesent Mam sections showed small nerve tiact formation and mi elm axon 
legeneration 

The effect of Efoeame on muscle, arteij, iein, subcutaneous tissue, fat, 
pleuia, and penosteum was also noted The muscle tissues iveie usuallj fiag 
mented, hemonhagic, and infiltiated with phagocites The leaction was alum's 
moie seieie m the muscle than in the nene Tlie ai-tenes and leins fi-equcntl} 
showed endothelial piolifeiation and/oi thiombosis, particulaih when the larger 
doses weie used The othei contiguous tissues showed little oi no reaction 

COAIHIEIsTS 

It was immediatelj appaient that the anatomical changes pioduccd bj 
Eiocaine weie more pionounced than the phisiologic changes At 21 dais, for 
example, even though the nenes appealed to be completed disiupted, each one 
had regained its function as judged In ability to tiansmit both afferent and 
cffeient impulses Nevertheless, the leaction pioduccd is seieie, and prolonged 
neuntis theoietically might well occui following such a severe chemical reaction 

Paiaplegia did not occui in anj animal receiving an intei costal nene block 
with Efoeame Yet it has been leported scveial times as following intercostal 
block in human beings Ex-planations so fai foi the development of such para 
plcgia have been based on the assumption eithei (1) that Efoeame icachcs the 
spinal coid In capillarv action along the nene fibers themselves oi (2) that 
Efoeame was actualh injected into a pcrineuial dural extension While the 
former mav have some basis, ns shown experimental bv Moore, the latter docs 
not, for introduction of Efoeame into the subaiaclmoid space itself produces 
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RESULTS 

It was noted that successful injection into eithei the inteicostal vein or 
artery was acompamed by extreme fasciculation of the muscles on the injected 
side below the level of injection Thus, it was possible to know that all injections 
were successful Fourteen dogs were injected, seven m the arterj, seven in the 
vein At intervals varying from 10 minutes (time lequiied to expose the cord 
after the injection) to 5 weeks, the spinal cord was removed and mcioseopic 
sections made of the involved area 

Paralysis was present to some degree m 12 of the 14 dogs so injected In 
some cases both hind legs were partially affected, m others paraplegia v\as 
present In two dogs only the limb on the injected side was involved, two other 
dogs did not show am involvement The duration and seventy of the paralvsis 
varied, but in every animal that was to show improvement, it became evident 
by the third day 

A bnef summary of the lesions present m each dog is piesented m Table I 

Table L Summary of Experiments—Intravascular Injection of Efocaine 


I Intercostal Arterial Injections 

Dog No 1513 was sacrificed immediately while still anesthetized There was no cord, 
vascular, or meningeal lesion 

Dog No 1517, sacrificed at 24 hours, had paralysis of the left hind leg, edema of central 
area of cord, but no vascular or meningeal reaction 

Dog No 1518, sacrificed at 24 hours, was paraplegic, had necrosis and hemorrhage of 
almost tlie entire cross section of the cord, necrotizing and exudative tlnomlioangiitis, and tin 
meninges showed acute inflammatory changes 

Dog No 1512, sacrificed at 4 days, was paraplegic, there were necrosis and hemorrhago 
in the left anterolateral section of the cord The vessels showed a necrotizing thromboangiitis, 
and the meninges presented acute inflammation and proliferation (Fig 2) 

Dog No 1509, sacrificed at 7 days, had bilateral partial paralysis, with it being more 
marked on the left Microscopic sections showed cystic necrosis of the posterior half of the 
cord, exudative and proliferativo angiitis of the vessels, and chrome inflammation of the 
meninges 

Dog No 1515, sacrificed at 7 days, also bad bilateral partial paralysis ; more marked 
on the left Microscopic sections revealed necrosis and hemorrhage of the posterior central part 
of the cord, slight exudative angiitis of the vessels, and no meningeal inaction 

Dog No 1502, sacrificed at 35 days, had bilateral partial paralysis, with more involve 
ment on the left Microscopic sections revealed cystic necrosis of the central part of the 
cord, proliferative arteritis of the vessels, and hemosiderosis and chronic inflammatory changes 
in the meninges _ 

FT Intravenous Injections 

Dog No 1514 was sacrificed without recovery from anesthetic Microscopic sections 
did not reveal any lesions of the cord, vessels, or meninges , 

Dog No 1510, sacrificed at 24 hours, was paraplegic. Microscopic sections revealed 
necrosis and hemorrhage of the left half of the cord, necrotizing thromboangiitis of the vessel 11 , 
and acute inflammation of the meninges , 

Dog No 1511, sacrificed at 24 hours, was paraplegic Microscopic sections presented 
necrosis and hemorrhage of practically the entire cross section of the cord, necrotizing throm 
lioangutis of the vessels, and hemorrhage and inflammatory changes in the meninges 

Dog No 1508, sacrificed at 4 days, was paraplegic. Microscopic sections revealed 
necrosis and hemorrhage of the anterior central portion of the cord, necrotizing thromboinguti* 
of tho vessels, and hemorrhage with modcratelv acute inflammatory changes in the meninges. 

Dogs Nos 1519 and 1520, sacrificed at 7 days, had no signs nor was ant lesion of the 
cords found at nutopw (Each dog presented signs of a successful injection at the time o> 
injection, but was never paralyzed ) 

Dog No 1501, sacrificed at 35 days, had bilateral partial paralysis, more marked on 
the left Sections rerealed cystic necrosis of the right posterocentral portion of the cord, 
with no involvement of the vessels or meninges (Fig 3)_ . 
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SUMMARY 

Efocame, when used to induce an intercostal block in the dog, produces 
necrosis of the nerve and the contiguous tissues This reaction is more severe 
anatomrcalh than physiologically The injection of Efocame mto an inter 
costal vessel produces myelitis of a varying unforecastable degree Whether 
this effect is produced by chemical necrosis of the coid 01 by chemical thrombosis 
of the cord blood vessels was not determined 
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New Yoik It essentially consists of two thm-walled Inass tubes soldered 
together with distal ends flared so that these ends just enter the mam bronchi 
beyond the canna A smaller metal tube soldeied into the giooie between the 
two mam tubes conducts an pxessuie to a carefully molded balloon which 
encircles the distal end of the appaiatus This balloon is designed to press 
tightly against the tiacheal walls as well as the canna, thus separating the 
gas flow of the lungs The dmdei is maintained m position by lubber bands 
stretched between the pioximal side sent tubes and the animal’s canine teeth 
to force the tubes and balloon continually caudad to ensuie a tight seal The 
entire divider is therefoie passed thiough the laiynx and impinges upon the 
canna, obviatmg tracheotomy 

Pig 1, a shows this dmdei m place m the scale drawing of the aierage 
dog It may be seen that the light upper lobe bronchus lies just beyond the 
balloon, even pioximal to the metal tip, so that it may become obstructed 
This and slipping of the tight caunal seal necessitate caieful adjustment of 
position of the dmdet initially as well as pioper maintenance of position dur 
mg an expellmental ptoeeduie It is inipoitant to obtain pioper oxygen con 
sumption values foi each lung pnoi to and after any expenment which ns 
sumes the divider is propei ly in place 




Fig 1—Scale drawing of trachea and bronchi from fourteen separate measurement 
each of twelce dogs In a the W right dKJder is in place while In l the bilumen j ,m 
catheter is tied in Upper middle and lower lobe bronchi arc labeled U M nna u 
spectUelj In addition there is the mediastinal lobe bronchus on the rlpht side 


Further disach antages include difficulty' in making and piopeih fitting 
the balloon frequent balloon leaks, and the necessity to leplace the balloon 
after a few experiments "With expeuence howeicr it was possible to place 
the divider rapidh and to maintain sepniation of the lungs so long as there 
was no large pressure diffeience between the lungs In certain experiments 
the Wright tracheal dmdei has been leu satisfactory and is still used mu 
tmely m this Hboiatoiy foi certain types of expenments It has the *u 
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be done in a lobar bronchus Addition of an inflatable balloon did not serve 
to anchor the device properly m the mam bronchus, and with continued failure 
at this site, attempts were ended 

3 Transthoi acically Placed Endobronchial Cannula —A small senes of 
animals were prepared by tying a laige lumen plastic cannula (Fig 2, c) within 
the left mam bronchus after severing it fi om the trachea within the chest and 
closmg the tracheal defect With care the trachea could be made airtight 
The cannula was then led out the chest wall, in various positions, both an 
tenor to and posterior to the aoita oi its arch Invariably the cannula tip 
impinged against the left pulmonary aiteiy, either entnely or partially block 
mg its blood flow (detei mined either by inspection or by oxygen consumption 
study) The device was therefore discarded 

4 Bitumen Plastic Endotracheal Cannula Tied ’Within Left Main Bron 
chus —This method was eventually devised and m om expeiience siupassed pie 
vious ones m most respects The cannula was easily made of two Tj gon plastic 
tubes whose distal ends weie bound togethei with adhesive tape over a Lueite 
form lying between A metal tip piotruded fiom within the end of the longer 
side (Fig 2, d) with a gioove to permit a ligature to be m place A balloon 
about the distal end could be inflated by means of piessuie via a small poly 
ethylene tube Fig 1, b shows this device m place in the scale drawing of the 
average dog, the longer tube piojecting into the left mam bionchus where it 
is tied securely, the shortei tube lying in the tiachea and serving the right 
lung 

This bilumen plastic cannula was placed thiough a tracheotomy and the 
balloon inflated to allow intermittent piessuie duiing the ensumg thoracot 
omy The animal was then placed left side up and the left thorax enlcie d 
through a high intei costal incision Aftei opening the mediastinal pleura an 
tenor to the aorta and posterior to the left vagus neive, the left main bionchus 
was bluntly dissected up out of the mediastinum and the tube pushed down 
into it A heavy silk suture was tied about the metal tip lying m the left 
mam bionchus to letam the tube exactly as placed Pnoi to closure of the 
chest the left tube vas tempoianly disconnected fiom the piessuie souice to 
ascertain that the upper lobe bronchus was not obstructed and that the lobe 
would collapse as piessure was removed Occasionally the tube was changed 
to a more proximal position w hen this occurred The chest was then closed in 
layers about a catheter m the pleural space which w as used to i einove pneu 
mothorax air at conclusion 

Aftei some expenence until this method the preparation could be made 
in nil average of thnty minutes, often m Jess time The animals sunned in 
good condition under anesthesia until sacrifice as long as eight hours later 
There was no instance of mucus plugging of the tubes Once the tube slipped 
out of the ligature, and was replaced successfully by reopening the chest 
Once m place the animals could be moved oi turned as desired with assurance 
that the lungs weie sepaiated not only fiom each other but also fiom the 
outer air In twelve instances data were obtained for the light and left lung 
tidal volumes and oxygen consumptions The aveiages are indicated m Table 




VENTILATION OF THE OPEN LUNG DURING UNILATERAL 
EXPERIMENTAL ATELECTASIS 

W Andrew Dale, M D , and Hermann Rahn, Ph D 
Rochester, N Y 

P REVIOUS studies in this laboiatory have leported oui findings concerning 
the principles governing gas absoiption from the blocked off lung in the enrh 
phase of atelectasis , 1 the evolution of moie satisfactoiv methods for separation 
of dog lungs to allow individual lung function expenments , 1 and the effects 
of atelectasis of one lung upon the volume and the piessure volume relation 
ship of the contialateial lung 3 

The piesent study was made to evaluate the causes which piecipitate 
lapid changes in the fiequencv of bieathnig and contralateral tidal volume 
mciease whenevei umlateial atelectasis is pioduced experimentally Similar 
changes may be obseived in human beings with sudden atelectasis (particu 
laily when this is of majoi degiee) 

experimental design 

Dnectlv following a major degree of atelectasis such as that of an entire 
lung, the pulmonaiv tissue available foi gas exchange is maikedlv decreased 
One would assume that adjustments in ventilation would follow, probablv m 
the dnection of nicieased ventilation of the open lung Observations of ex 
penmental animals mdicate that this does occm and can be measuied m terms 
of meieased late of icspiiation, ineieased tidal volume, and a laiger minute 
volume of the open lung In fact the minute volume of the one open lung now 
becomes laigei than the total minute volume of both lungs pnoi to atelectasis 
This mciease in total pulmonary ventilation might be attnbuted to var 
ions mechanisms acting alone 01 togethei First, pievious expeimiental data 
have indicated an immediate conti alateial tidal volume mciease following uni 
lateial atelectasis due to the “mechanical effect” of blocking one bronchus 3 
The mechanical mciease does not however, explain all the mciease m con 
tialateial tidal volume that occurs It has been appaient that besides tins 
immediate change which follows upon bionchml occlusion, there is a slow in 
crease in tidal volume to ajijnoximatelv twice that of the contiol level Thus, 
all of the tidal mu ease is not due to the “mechanical effect ” Furthermore, 
the mechanical effect cannot explain the mciease m mte of respiration 

Two othei factois mav lie eonsideied, nainelv leflex changes piobablv 
mediated ov ei the vagus nei v es and blood chemical changes acting oil the 

1-rom the Department? of Surgery ami Plij ?lolc^ of the lnl\erslt\ of Rocliooter Schne' 
of Mt.tliclne ami Dentlfltn Rochester N "i 

Thf« 5tud\ wan supported b> the Mr Research and Dc\eIopment Command "W rip » 
rntt«.r*»on Mr Porce Hn«e 

Kecchcd for publication Jul\ C 1954 
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inflating the balloon the left pulmonary artery could be blocked Since there 
was a possibility that the balloon might slip down into a distal branch of the 
pulmonaiy aitery, a second method w r as used later, by which the whole artery 
could definitely be blocked and 1 eleased A heavy silk tie was placed loosely 
about the left mam pulmonary artery and tied into the posterior thoracic 
wall tissue Several long silk ligatures were then passed about the artery 
and led out the chest wall When pulmonary artery occlusion was desired a 
long ligature was pulled up tight and clamped outside the chest wall Re 
lease was accomplished by cutting and pulling out the sutuie Subsequent 
artenal block was effected by lepeating this maneuver with a second long 
suture and so forth 

Atelectasis was obtamed eithei by blocking the left lung cannula or hr 
lapidly aspirating all gas from the left mam bronchus cannula lumen and 
clamping the end At conclusion further unsuccessful attempts to lemoie 
gas ensuied that no leak had occurred 

Standaid metabolism machines containing C0 2 absoiber could be con 
nected either to one or both lumens of the bionchial cannula to allow measure 
ment of 0 2 absorption, rate, tidal volumes, and minute volumes 

RESULTS 

Fifty-eight e\penments were peifoimed on foity annuals The lesults 
may' be divided into two gioups 

1 Complete 0 2 consumption data were obtained during the development 
of atelectasis in nine expeuments on seven ammals Initially both lungs weie 
connected to spirometeis and the 0 2 consumption of each lung measured oier 
a minimum period of ten minutes The final ten minute penod before initia 
tion of atelectasis served as a contiol Left lung atelectasis was begun bv 
bionchial occlusion and light lung 0 2 consumption determined for a minimum 
penod of thnty minutes Left lung atelectasis was then leveised simply hi 
lemoving the clamp fiom the left mam bionchial cannula and allowing the left 
lung to lesuine function and to leaeiate 0 2 consumption in both lungs nas 
measuied then foi a minimum period of twenty minutes Fig 1 illustrates 
the aaeiaged findmgs Dunng the lattei pait of the contiol penod the right 
lung 0 2 consumption w as about 50 pei cent of the total When left atelectasis 
was initiated by clamping the left lung cannula, the light 0 2 consumption as 
indicated by the giaph lapidly mcieased about 50 pei cent of its control lalue, 
then o\ei a six-minute penod leached the contiol total 0 2 consumption value 
and thereafter exceeded this by about 6 per cent 

When the left lung was allowed to ie expand, the light 0 2 consumption 
rapidly at fiist aud moie slowly lntei letumed to appioximately preatelectosis 
a allies The total 0 2 consumption likewise letuincd to the contiol lalue which 
is indicated bv the broken line on the gi aph 

2 Forty-nine expenments m flinty-tin ee animals were performed to 
eialuate the aagal icflex and blood chemical control of respiration during 
unilateral atelectasis The sunimarv of these data (aaeraged) is indicated in 
Fig 4 as trn* tipcs oi e\pi unit ills The respnatoiy lates and tidal lolunns 
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tube The honzoutal bioken line indicates the total oxygen consumption dm 
mg the coutiol penod The imshaded aiea lepiesents the oxygen uptake of 
the left lung befoie occlusion It is about 50 c c pei minute Imuieckateh 
upon occlusion it is appaiently i educed to 25 c c pei minute and six minutes 
later is i educed to zeio as indicated by aiea A 



Fig 2—Diagrammatic form of Fig- 1 shoeing O 2 consumption stud> before during and after 

left lung occlusion (See text ) 

Anah sis of the e\ ents accompanying lung collapse undei these conditions, 
houeiei, piondes a diffeient pictuie and indicates that the spirometei at 
tached to the open light lung is now not only measumig light lung 0 2 con 
sumption but also is indicating about 50 pei cent of left lung 0 2 consumption 
It has been shown elsewheie 3 that yvhen gas is lemoied fioin the left lung hi 
aspiiation about 50 pei cent of the yolume deciease can be accounted for In 
mciease in open light lung yolume due to a mediastinal shift It has been ns 
sinned that the lemaimng 50 pei cent yolume change is accounted for hr 
waid moiement of the chest wall and cephalad movement of the diaphragm 
Pig 3 illustiates these shifts diagiammaticnllv 

Theiefoie the sudden appaient meiease of 25 ce pei minute light lung 
0 2 consumption m Pig 2 lepiesents not onh the t> uc right 0 2 consumption hut 
also 50 pei cent of the left O- consumption (since this continues until 0 = is 
completely absoibed fiom the left lung) Aiea B in Pig 2 thus repiescnts 
o\ erdistention of light lung and mediastinal shift, while aiea A is the chest 
wall (including diapluagm) shift, and A and B aic appioxmiateh equal The 
ascending lnoken line of Tig 2 thus maiks the tme light lung 0 2 consump 
tion At six minutes after left lung airway occlusion, the right lung carnes 
the total 0 2 consumption and the left lung must he collapsed This is ample 
time if one assumes that the blood fkm to the collapsing Jung is maintained 
The functional resting yolume of our dogs is appioxnnateh 150 cc and the 
left lung circulation noimalh icmoycd about 50 c c pei minute in our control 
mu 

Ihg 2 also nlloy\s one to compute the total yolume of the left lung from 
aieas A and B Initially the CP uptake y\as 50 cc pei minute and was re 





464 


THE JOURNAL OP THORACIC SURGERA 


rate and tidal volume of the light lung is unable to compensate complete!) 
since the pC0 2 rises as judged by the fall m pH The increase in over all 0 2 
uptake would likewise require a 6 per cent inciease in alveolai ventilation to 
account for the greater air exchange foi this 0 2 consumption 

Chemical Factots —The function of one lung can be eliminated either by 
acutely cutting off the pulmonaiy aiteiy blood flow and peimitting the incffec 
tive ventilation to continue oi bj^ acutely stopping the ventilation (atelectasis) 
and permitting the ineffective pulmonary blood flow to continue In either 
case the contralateral open lung must take over the entire function of gas 



Fig 4 — \\cragc (lata of forty nine experiments on tlilrtj three dogs to assess the difference* 
in open lung \entllatlon between two sets of conditions as Indicated 

exchange by appioximately doubling the ah color ventilation if the carbon 
dioxide tension or pH of the aitcnal blood is to lemnin as befoic If, how 
ever, the blood flow tlnough the atelectatic lung is not stopped complete!), 
then only the C0 2 lei el of the artcual blood can be compensated for by hjper 
•ventilation while 0 2 desatuiation cannot The mixed aitcnal 0- level (breath 
ing 0 2 or an) must fall in propoition to the magnitude of the shunt since the 
hypeiventilation would not appieciablj inciease the aitcnal 0 2 content on 
the contralateial side 

Obsci v itions of the ventilation aftei sudden occlusion of the left pnl 
monary arter) in dogs show that the ventilation is increased and pnrtinlb 
compensated 4 while with atelectasis (Fig 4, Senes II) likewise partial compen 
sation is obscived In eithei case one would not expect full compensation 
since this would lemove the chemical stimulus necessary foi hyperventilation 
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An intei esting point may lie laised heie m connection with owgen Iher 
apy used m the presence of djspnea during clinical atelectasis 0- therapv 
alone cannot be expected either to completely satuiate the arterial blood or to 
lowei the aitenal pC0 2 , since both aie due to shunt through 110 m entilatcd 
lung The indicated theiapy is leaeiation of the atelectatic lung Also, ns 
noted preciously, if pulmonary tissue containing oxygen is blocked off, or 
if oxygen centilation has allowed N, to be blown off, a new atelectasis would 
proceed moie lapidly 1 

coxcllsioxs 

1 The contialateial (open) lung ventilation w r as studied dining urn 
Iateial atelectasis in dogs 

2 A small increase in total 0, consumption dining atelectasis is prob 
able due to incieased cauliac and lespnatoiy work 

3 O s consumption data corroboiate out pievious obsenations that np 
pioximately 50 pei cent of the atelectatic lung colame change is i effected In 
overdistention of the open lung and mediastinal shift and 50 pei cent In chest 
wall and diaphiagm shift 

4 The factois effecting the immediate inciease in conti alateial open 
lung centilation dining utiilnteial atelectasis weie evaluated To the pre 
viouslj deteimined “mechanical effect” of bronchia) occlusion is added \cn 
tilatory stimulation due to blood chemical changes (ni tonal 0 2 dcsatiuation 
and inci eased C0 2 ) Yagal alfeients seem to conti lbute little to the conipen 
satorj c entilation a olume 

5 The effects of the pulinonaiy blood shunt dining atelectasis and the 
changes due to its abolition aie desenbed 
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Table III Cases oi Traumatic Chalothorax Reported in the Literatute Since 194S' 


1948 

Sundbergzs 

Hodge and 
Bridges'i 


1949 

W Inteside et 
nl 3i 


Ettleson® 


Rumel 23 


TourofF 30 

1951 

Lowmnn et 
al is 


Shumneker 
and Moore 2 " 


195! 

Effler" 


Hoffman et 
nl '= 

\\ right and 
Gardner 3 ” 


Morris and 
Polk 2 ' 

Longmore'" 
Berthrong a 
Pike 5 

Birt and 
Connolly * 


AGE 

(YR) 

SEX 

36 

F 

49 

F 

35 

F 

30 

M 

10 

F 

52 

M 

24 

F 

35 

F 

5 

M 

? 

M 

? 

M 

6 

F 

61 

F 

VS 

M 

1 

M 

1 

F 

40 

F 

27 

M 

34 

M 

03 

M 

1 40 

XI 

IS 

XI 


lumbar sympathectomy 


theetomy 


lumbar sympathectomy 


board 
,eft radii 
section 


Loft thoracotomy and 
ligation of anomalous 
subelayinn artery 
Extrapleural thornco 
lumbar sympathectomy 
Automobile accident 
with crushing injury 
of chest, dislocation 
of thoracic spine, and 
rupture of cord 


\utoraobile nccidert 
with anterior dislocn 
tion of thoracic spine 


Thoracocenteses only 
Anastomosis between 
thoracic duct nnd 
azygos vein 
Thoracocenteses fol 
loved bv ligation of 
duct m chest 

Thoracocenteses fol 
lowed bv ligation cf 
duct in chest 
Thoracocenteses fol 
lowed by ligation of 
duct m chest 
Thoracocenteses only 


L Thoracocenteses fol He" 

loyved by ligation of 
duct in chest 

? Catheter drainage only R« 

L Thoracocenteses fol Rec 

loyyed by ligation of 
duct in neck 

L Thoracocenteses only 

L Thoracocenteses only R 00 

L Thoracocenteses only Rec 

B Thoracocenteses onlv Rec 

R Thoracocenteses follow ed Rcc 

bv ligation of duct in 

L Thoracocenteses folloyveil Rec 
by ligntion of duct in 
chest 

L Thoracocenteses fol R 00 

lowed by catheter 
drainage 

R Thoracocenteses onlv 

B None for chvlothornN B I 


Thoracocenteses fol R°" 

lowed by ligntion of 
duct in chest 

Thoracocenteses onh B * 

Inadequate thorncocen U y 

teses only 

Thoracocenteses followed Rec 
bv right phrenic 
crush _ 
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Fig 1 



Fig 2 

Fig I —Roentgenogram tuo da's postlnjun demonstrating tiie left chelopneumotliorn-x 
and subcutaneous cmplij*<'mo of the chest and neck ( \ug 28 1953) 

Fig 2—Roentgenogram fourteen dajs postlnjur} demonstrating Increased amount o 
fluid uith ioculation and displacement of the mediastinum (Sept. 9 1953) 
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Flp 4 



i-if- r. 

1 -|^ 4 —KnintM nocrmn two ti:i \y po^toiM mtl\il\ il< uinivUrnUnf? r«. expansion of til* I'^ 
hmir un*l partial rtturn of the no«lfiu*tInum to nomml jKwItion (*Mpt 14 l't'iS) 

Me fi—Hoi ntM nopram Hint wnk* poftopimtl\tl\ th mon^tratinp compUU r< »M»« n ^ on 
of tilt kft lunp nml rouhlunl pleural thlckmtnp at the loft bane (Oct *? 1*^3) 
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form of ligation of the thoracic duct if thoiacoeenteses or catheter drainage for 
a limited period of time fails to result m sealing of the chylous fistula Despite 
the apparent understanding that this subject enjoys currently, tiro recent!} pub 
lished American textbooks on thoracic surgery emphasize the importance of find 
mg the fistulous point m the duct and ligating the severed ends 10 > !S , one recom 
mends ligation of the duct just above the diaphragm without searching for the 
pomt of rupture only for the very debilitated patients so as not to prolong the 
operative procedure 16 , and two others make no mention of the subject at all As 
pointed out m a recent article, 14 these findings suggest the incomplete apprecia 
tion of the fact that, in order to stop the leakage of chyle from the thoracic duct 
system above the diaphragm, all that is required is ligation of the duct between 
the point of leakage and the eisterna chyli, which is not the formidable pro¬ 
cedure it is at times described to be 

In selecting the hemithorax through which the lower thoracic duct is to 
be approached for ligation, it would seem logical to choose the side of the 
chylothorax, 16 ia ' 29 but not before the following considerations are taken into 
account First, there is the greatei accessibility of the duct through a right 
rather than left thoracotomy 1 14 , aud second, there is the presence or absence 
of lesions within the chylothorax side foi which surgical correction is mdi 
cated Thus, when in the presence of a left chylothorax, repeated thoraco 
centeses indicate that the lung is expandible and decortication will not be 
necessary, approach through a right thoracotomy is recommended 16 In nc 
cordance with these principles, the author’s patient was treated by left 
thoracotomy, and both ligation of the thoracic duct and pulmonary decorticn 
tion were performed 

Renew of the collected series m Table III reveals that expandibilitv of 
the lung in chylothorax is satisfactory m the great majority of instances rc 
gaidless of the method of treatment, provided the leakage of chyle is con 
trolled The interval between onset of chj lothorax and ligation of the duct 
langed from zero to eight months and averaged 37 days In one case, after 
nine necks of chylothoiax, the lung was found to be encapsulated but without 
the piesenee of a definite visceial “peel”, and following a difficult decortica 
tion re-expansion was incomplete 20 , this finding nas given as one lenson for 
not delaving thoracotomy and ligation of the duct too long aftei the onset of 
chylothoiax 20 In contrast to this is a case subjected to thoracotomy eight 
months after onset of chylothorax with the finding that theie nas no pleural 
cortex or “peel” and the lung was expandible 14 The vnter’s experience con 
formed entirely with neither of the extreme observations quoted previously, clot 
ting and encapsulation were noted as earl} as ten days following onset of cliylo 
thorax, but the visceral “peel” nas very definite at thoracotomy seventeen 
days after the accident, and decortication nas not difficult In the case of 
chv lothorax m the collected senes tieated with a single intrapleural instilln 
tion of strcptokmasc-stieptodornase foi loculation of chyle seventeen cloys 
after onset, recovery took place after a fen additional thoracocenteses 

It nould seem that in order for chylothorax to complicate a chylous fistula 
m the neck, traumatic penetration of the parietal pleura nould be a P rc 
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3 Mounting mtei est in tiaumatic chjlothoiax is due both to the safety 
and success of mtiathoiacic ligation of the thoiaeie duct as wel] as to the 
meieasing frequency of this lesion as a complication ot suigical mtenention 
m and about the mediastinum 

4 Beginning with Lampson’s and including the nntei’s case, a total 
of seventeen patients with tiaumatic ehylothoiax iveie subjected to ligation 
of the thoracic duct This was followed unifoimh b\ recoien and without un 
usual morbiditi B\ contiast, a mortality of 19 pel cent was found among the 
patients in the same senes collected bv the wntei m whom clnlothorax was 
tieated othei than bj ligation of the thoiaeie duct 

5 The inescapable conclusion is that ligation of the thoracic duct is the 
treatment of choice when a imef period of management by nspnation or con 
tinuous closed diainage demonstrates no tendency foi the chjlous fistula to 
seal oft spontaneously 
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RECURRENT PLASMACYTOMA OF THE LUNG 

"William G Childress, 2ID, Valhalla, N Y, axd 
George C Adie, M D , New Rochelle, N Y 


T HIS is a follow-up iepoit ou a ease of plasmacvtorua of the mediastunim 
origmallv detected by loutme chest x-iav m 1944, surgienlh removed, and 
reported hr us in 1950 1 Following operation the patient remained under our 
observation until 1948 He was not seen bv us fiom 194S until No\ember, 1953, 
wlieu he returned with svmptoms of piogicssive dvspnea affected bv posture 
espeeiallv when hung on his left side He had observed distention of the neA 
vesscls and was conscious of a loud wheeze m his chest which had mcieased m 
mtensitv ovei a period of seveial weeks Although he dated the onset of In? 
svmptoms to August oi September, 1953 m letrospeet he lemembered that he 
had had a nonproductive cough and wheezing off and on foi the preceding venr 
Because of mei easing svmptoms he consulted his fannlv physician m November, 
1953 and was refened to us for further investigation 

On examination the patient, now 46 veais of age, was a well-developed, 
well-nourished white man His tempeiatuie was normal Theie was strihmc 
evanosis of the lips, mucous membranes, and nail beds A loud inspiraton and 
expnatorv wheeze was lieaid over the entne chest antenoih and posterior^ 
There weie scatteied eicpitant lfles at the left base posteiioilv Respirations 
were 22, sligkth labored Heait late was S6, legular A- was gicater than P 
Blood pressure was 174/72 Unnalvsis was negative, and blood count was within 
normal limits with 15 4 Gm hemoglobin, 7,600 leukoevtes, and normal differcntnl 
N-rav of the chest levealed a large mediastmal mass lesnlting m pressure and 
displacing the trachea antenoilv No evidence of extension oi metastasis to the 
lung parenchvma or pleuia was observed Because of recunence of a mass it 
the site of the foimei txunoi, it was decided that surgical exploration should be 
done without delav 


On Dec 1, 1953, under geneial anesthesia the patient was explored bv one 
of us (GCA) When the pleural cavitv was entered numerous adhesions were 
observed along the previous scar The tumor had lecurred and was attach 
to the lateral arch of the aorta for a distance of 3 inches The mass was we 
encapsulated The tissue was soft m consistencv and reddish-brown m color 
It was impossible to remove all of the tumor because of its attachment, but a' 
much was removed as could be done safelv The patient withstood the operation 
well and his postoperativ e course was unev entful His breathing was nine 
improved bv the third dav when he was ambulated He was readv for di'clnrge 


From tht Division of Disease* of the Chest Grns«Wnds Ho^plt'il A nllnlH N ' 
Recvhotl for publication \upr 0 l q 54 
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Fig 

resulting 

Fie 


Pie 3 




Fife 4 


3 —Postcronnterlor roentgenogram Vo\ 1C 
in pressure displacing the trachea nnterlorH 
•t—Rotated roentgenogram No\ IC 1153 repeals displacement of the trachea 
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Fip C —High poutr photomicrograph phoning plasma cells ( \pproxIrrmte mncnlflcntfon 
Xf45 reduced 3 6 ) 

Fip 7—Oil Immersion ilcu of plasma cells—smear from specimen ( Vpproxlmate nnp 
nlflcatioh XI 475 reduced 
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mediastinum Eggston 8 has observed plasmacytomas in the upper respiraton 
tract to become malignant in some instances Hellwig 0 obsened local imasion 
and distant metastases of plasma cell tumors None of these, howe\cr, was in the 
lung Of eleven cases of plasmacytoma leported by Pigi and associates 10 m 1945, 
five showed frankly malignant beliavioi with eithei extensile local imasion or 
distant metastases Couiet, 11 in 1946, lepoited a plasmacytoma of the pvlonc 
portion of the stomach This lesion was locallv resected Two months later the 
patient was explored for obstiuetion and was found to have laige fnngating 
masses throughout the abdomen One month later, autopsv i mealed the large, 
definitely invasive masses to represent plasmacytoma 



SUMXI \R\ 

This is the follow-up on a plasmacvtoma of the mediastinum rex calm? 
recurrence of the lesion pioducing svniptoms approximately nine years after 
complete lemoxal of the original tumoi, so far as could be determined 

In a search of the litcratuic we were unable to find recmicnce of such a 
tumoi reported, although extiathoracic plasmaextomas hare been observed to 
result in malignant behaxior, imasion, and distant metastases Most plasma 
c\ tomas, however, seem to be benign in character 




RESECTION AND ANASTOMOSIS OF THE BRONCHUS CARRIED OUT 
IN A CASE OF BENIGN TUMOR 

Andras Bikfalyi, MD , antd S vndor Dubecz, MD 
Budapest, Hungary 

T HE paitial 01 cuculai excision of minoi 01 major parts of the mtiathoracic 
lespuaton tiacts, earned out m eoniiection with the lanous diseases of 
these tiacts, and the leconstiuction of the deficiency thus resulting, as well as 
the substitution of tiauniatie defeets—sometimes budging o\ei major breaks 
in the continuitj—has been a long-standing ambition of suigen E\er since 
opeiabiliti of pulmonary tumors has been progressing, the pioblem of lecon 
stinoting the lespnatoir tiacts has been ncqmnng giowung pionunenee At 
the same time the theiapv of such clinical cases is begmnnig to develop which 
up to now—owing to the specific position of the lesion, its delicate topogiaplr 
and, last but not least, the \ital function ot the lespectne oigans—hate seemed 
suigicallv insoluble In these dais, when the eiei accumulating diagnostic 
pathologic and ehnurgoteehmeal expeiiences and oui adianced knowledge of 
pie- and postopeiatue tieatmeut aie all turned to account it is natural that 
the endeavors of thoiacic suigcrv aie not onh focused on ciuing the respective 
foim of disease but also on stiiimg to achicie tins aim while maintaining all 
healthi tissues 01 paits of the oigan Hence functional-pathologic considers 
tions must pi mail in thoiacic suigen 

The eonectness and justification ot this new is pioied In oui case as 
lieiem desenbed 

cvse report 

The patient was a 42 \car old, well deieloped and well nourished man, striking] v pale 
with a complexion indicative of chronic suppuration Ills ill health begun in 1040, «upjio c cd!v 
in connection with pertussis Since tlmt time lie had been suffering from nn ever worsening 
cough in the form of attacks ncurring several times dnih In September, 1050, on the 
occasion of a bean coughing spell heiuoptvms m the nmount of 700 S00 cc occurred This 
wn« repeated m November, 1051, nnd in Fcbrunrx, 1052 Vpart from this, his sputum con 
tamed blood four or five times even month From time to time periods of intermittent 
fever set m which, after discharge of profuse nnd sometimes putrid sputum and following 
penicillin treatment, changed to a subfobrile state When lie wns examined bv x raj on cu ' 1 
nn occasion, the radiologist thought he saw the shadow of a limpli gland in the upper pole 
of the right lnlum In Vpril IfijS a further verx grave pulmonnri hcmorrhngo occurred 
In Tula the patient hnd repented pneumonic svmptom«, with high fever, then di'chargi of 
profuse, putrid, xellowi«h, and purulent sputum Because of these symptoms the patient wns 
hospitalized nnd a bronchoseopv showed a tumor loented in the right mam bronclm' 
biopsx un= made nnd the patholustologic diagnosis wns ‘ oat-cell enrunomn ” The patient 
had lost some weight and wns fending continuous twinges of pain and oppression in Ins chest, 
c'pceinlh during the morning in connection with Ins recurring bouts of couglung 

Reocliod for publication \up - 1^51 
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red blood cells, 3,500,000, and of white blood cells, 6,700, the qualitative blood picture 
apart from a hypochromic anemia of a moderate degree, was normal Urine was negative 
Wassermann reaction was negative sputum was yellowish, purulent, not putrid, Koch reaction 
was negative Blood pressure was 120/S0 electrocardiogram showed sinus rhvtlim 

To save the middle and loner lobes we thought of a bronehoplastic solution In orihr 
to determine the exact topograpln of the tumor and its relation to its viciniti wi earned 
out a bronchography of the right side which showed a defect in filling the size of about 
an almond m the lateral wall of the right main bronchus The tumor onginated about 0 5 
cm from the canna and was extending into the intermediate bronchus, occluding the onfice 
of the bronchus of the upper lobe, so that attempts to fill it with iodized oil were unsuccessful 
(Fig 3 ) 



Fig 2 Fig 3 

Fig 2—Tomogram \ tumor of the size of a hnzelnut located in the bronchus and 

narrowing the lumen to the width of a straw blade Joined be an extramural shadow 

Fig 3—Eroncliograpln showing the intmbronchial relations of the tumor Middle n n( 
lower lobes are Intact upper lobe Is occluded 

After prebnunnrt introduction of an artificial pneumothorax n (honcotonn wa» car 
ried out in the sixth intercostal space (Dr Bihfnlvil We found the pleural cant' fret^ 
The upper lobe espe'cmih its pectoral segment, was retracted and atelectatic The fissure o 
the upper lobe was not de\ eloped so wc serered the latter intersegmentally from the nu 0 
lobe After ligating the artere nnd rein of the upper lobe we isolated the right mam bronc iu 
and the intermediate bronchu' exposing them in their entire course the bronchus of * 1 
middle lobe up to its point of origin On its medial wall we stripped off the pulmonary 
artery which had been elo'ch connected with it Then we determined bv palpation 10 
place of the tumor It originated about 0 5 cm under the canna occluding the orifice of 1 
bronchus of the upper lobe nnd running deep down into the intermedinte bronchus, n 1,1 
as far as 1 cm. above the point of origin of the bronchus of the middle lobe 
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The postoperative course was uneventful Twenty four hours later the lung expanded, 
and on the tlurd day we removed the drainage tubes At the end of tho third week the patient 
left the clmic, fully recovered (Fig S ) On the occasion of the bronchoseopic examinations 
repeated in the third and the fifth week, we removed the sutures, which were intrabronchially 
visible, as well as a few growths of granulation tissue that had developed around these The 



Plg^ 5 —The remoied stem and Intermedia! bronchus The length of the reeded portion Is 

J cm 

lumen of the bronchus tins clear V bronchographi made in the sixth neck did not show n n 5' 
stenosis at the site of the anastomosis In tin course of the expansion, the middle lolie had 
shifted upward (Fig n ) Six months later, the patient was free from complaints and going 
about his former work 


1« " 




v n i\ \-T"' in r^M nr* 4 or 5 
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Fig 8—Postopernthe roentgenographj of the thorax The remaining lobes are fullj ex 
panded and show normal \entllating conditions 



Fig •<—P«<toiw_mti\« bronchograplw Thert Is no st> nosls on the plnct pf fLc 
nio^is in tin cours* of tlu. r« \pan*don the bronchus of the middle lobi has shineu i 
Indicating that this lobe 1ms taken the place of the rcmo\ed up|H.r lobe 



BIKFALVI AND DUBECZ RESECTION AND 


anastomosis of bronchus 495 


DISCUSSION 

Without this surgical solution, the standard operation (a pneumonectomy) 
would have been unavoidable, owing to the delicate position of the tumor A 
bronchoseopic removal was out of the question, partly because of the uncertainty 
of the initial diagnosis and the fact that the tumor was attached to the wall 
of the bronchus on a broad basis parth because of tlie patient’s extraordinary 
tendency to hemorrhage, and last but not least, because ot the so called poten¬ 
tial malignancy” of adenomas which has been discussed in numerous journals 
and proved bv several authors A removal by wav of bronehotomv could not 
be earned out because of the size of the tumor and its extramural relations 
Furthermore, m cases of tumors earn mg the possibility of malignancy, this 
form of treatment cannot be considered a radical one owing to the character 
of the intervention 

In our case, bv totally resecting the right mam bronchus and the interme¬ 
diate bronchus and bridging oyer the resulting bieak by an end-to end anas 
tomosis, we succeeded in saving the intact and soundly functioning middle and 
lower lobes andyvere able to avoid pneumonectomy, which alwavs means mutila¬ 
tion 

Our case further proves the possibility of remoi mg a considerable segment 
of one of the mam bronchi and uniting it without using an inserted medium 
(prosthesis ot grafts), bv exposing and mobilizing the bronchus on a maximum 
section Contrary to the spa me data in the literature published so far, accord¬ 
ing to which the maximum range of reseetion at the bronchus covers a portion 
of 2 cm , the removed section of the bronchus, in om case, measured 3 cm 

The preoperative conditions for a successful mteriention are as follows 

1 Strict asepsis An infection causes insufficiency of suture, while heal¬ 
ing bv second intention effects a proliferation of tissue, which always leads to 
cicatrization and stenosis 

2 An airtight suture line Its lack preyents expansion and involves the 
well-known inherent dangers 

3 Exact joining This is necessary m ordei to achieve airtight closing 
and uniformity of caliber 


4 Avoiding overtautness This mav he aclney ed bv proper mobilization of 
the various elements, a taut suture line mav bring about dehiscence 

0 An anastomosis free fiom stenosis Without this we might imperil the 
success of the intervention 


6 Re-epithelization This needs time, and the foreign-body granulomas 
eve opmg in the suture line may temporarily interfere with it 

to ,0 “ S " K - - 

< "“' k &P ' m5,0 “ ° f ”’ e '"” 8 If the 


9 Adequate suture material Because of the 
degree, is unavoidable, it seems moie advisable 


tautness whieh, to a certain 
to use nonabsorbable suture 
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materials, though these aie always associated with foi eign-body reactions appear 
ing m the form of gianulation tissue For that leason the endoscopic removal 
of the sutures should be affected as soon as possible, e g, at the end of the third 
week 

10 It is 1160688317- to coopeiate closely with the bronchologist so ns to oh 
tarn a piecise topogiaphic and pathohistologic diagnosis, to cleai up the relations 
of the lesion and to let the patient have the exact pre- and postoperative treat 
ment required 

SUMMARY 

The indications foi applying bionchus lesection with anastomosis and 
plastic operation are as follows (1) lesions of the respiratory tiacts—ruptures, 
fiactuies, oi opeiative lesions, (2) cncunisciibed tumors of the respirnton 
tracts, (3) specific and nonspecific stenoses of the traeheobionchial tree, (4) 
space-consuming processes occurring outside the lespnatory tract, in most 
cases tumors which, because of then close contiguity to these tiacts, could other 
wise not be lemoved, that is to say, the surgical solution of winch could onh 
be accomplished by lemovmg part of the lespnatory tract itself, (5) functional 
indication to confine the lesection stnetly to the portion of the lung affected 
or injured 

As regards bronchus lesection and end-to end anastomosis carried out on 
human bemgs we have reports by Gebauei 2 3 on several such cases, and single 
case leports bv D’Abreu and MacHale, 1 Mather and Oustneies, 5 M6tias and 
co-workers,® Paulson, 7 Scanncl, 8 Kinsella, and Johnsrud, 4 and Weisel and Jake 9 

REFERENCES 

1 D’Abreu, A L, and MacHale, S J Bronchial "Adenoma” Treated by Local Rejection 

and Reconstruction of the Left Mam Bronchus, Brit J Surg 39 156, 355, 19o~ 

2 Qebauer P W Reconstructive Surgery of the Trachea and the Bronchi Late Results 

With Dermal Grafts, J Thoracic Sorg 22 568, 1951 

3 Gebauer, P W Pulmonary Surgical Salvago by Bronchial Resection, Surg, Gvncc A 

Obst 94 347, 1952 

4 Kinsella, T J, and Johnsrud, L W Traumatic Rupturo of the Bronchus, J Thoracic 

Surg 16 571, 1947 

5 Mathey, J, and Oustnere«, G End to end Bronchial Anastomosis After Accidental DiM'ion 

of the Stem Bronchus, Thorax 6 71, 1951 

C Mfitras, H , Grdgoire, N, and Longefait, H Reconstruction plnstiquc do deux ens ue 
stfinose bronchiqne, Rev Tuberc , Pans 16 54, 1952 
7 Paulson, D L Traumatic Bronchial Rupture With Plastic Repair, J Thoracic Subo i-d 
636, 1952 _ . 

S Scanncl, J G Rupture of the Bronchus Following Closed Injury to the Chest 

of a Case Treated bj Immediate Thoracotomy and Repair, Ann. Surg 133 127, W 01 
9 Weisel, W, and Jake, R J Anastomosis of Right Bronchus to Trachea Forty six daw 
Following Completo Bronchial Rupturo From External Injury, Ann Surg 137 -j 
220, 1953 



TOLERANCE OF BRONCHIAL WALL TO HIGH LEVEL DOSAGE OF 
RADIOACTIVE COLLOIDAL GOLD FOLLOWING 
INTRABRONCHIAL INJECTION 

Harold F Berg, 3LD, William II Christophersex, HD , vxd 
J Rax Bktaxt, 1LD 
Louisville, Ex 


TT HAS been demonstrated that when radioactne colloidal gold is injected into 
I the submncosa of the bronchus of dogs, the colloidal sol is transported via the 
lvmphatics from the site of injection to the regional Ivmpli nodes nhcre it is 
trapped and concentrated 1 Appreciable concentration exists m the Ivmpli 
nodes withm four hours after injection = In some sixtv dogs recemng 2 to 3 
me. of Au ies bv this method, no untowaid e&eets lime been noted Since this 
method of delivering radiation has suggested the possihilitv of ofteung palliation 
to patients with inoperable bronchiogemc carcinoma, we hat e outlined the follou - 
mg experiment to determine the tolerance of the bronchial wall to high level 
dosage of Au 19S of the magnitude which conceivable might be requned to have 
therapeutic eftect on bronchiogemc carcinoma 


MATERIAL AXD METHODS 


Radioactive colloidal Au ,£ls with particle size ranging from 0 003 to 0 004 
micron was used * The isotope has a half life of 2 7 davs It emits beta rar s 
with maximum energv of 0 97 Hev and gamma ravs with energv of 0 411 Hev 
Fiftv per cent of the beta ravs penetrate onlv 0 3S mni and are the pi imam 
source of radiation eftect in localized aieas The gamma ravs penetrate deeph 
and are useful for external counting but thev mav also contribute to both local 
and whole bodv radiation 

The isotope was injected into the intermediate bronchus of nine dogs hr 
the following technique Under intravenous Nembutal anesthesia, a 7-40 
bronchoscope was introduced direetlv into the trachea and advanced to the 
selected site for injection. The distal end of the bronchoscope was then angled 
slightlv toward the proposed site of injection to bring this region under 
minimal tension. A 45 cm needle of the tvpe used foi injection of esophageal 
vances (Pilling Br 800) was introduced through the bronchoscope under 
direct vision. The tip of the needle nas inserted through the taut bronchial 
mucosa for a distance of about 3 mm A svnnge containing the radioactive 
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gold was connected with the needle and the injection made If the needle is m 
the propei submucosal jilane, the injection should lequne Aery little force 
Aftei the injection, the needle Avas immediately remoA r ed Occasionally n drop 
of blood could be seen on inspection of the site of injection 

The tivo common enors in insetting the needle aie allowing the tip to 
entei, or impinge on, a caitilagmous ling, 01 passing the needle through the 
entire thickness of the bionchus into a bronchial 01 a pulmonaiv acsscI 
Should the cartilage be entered 01 impinged on by the tip of the needle, con 
siderable lesistance aviII be met to adA r ancement of the needle and to the injec 
tion of fluid If a majoi Aessel is entei ed, often blood aviII leak back thiough 
the needle Blood aviII not be seen to dup from the hub of the needle if the 
tip is m the proper submucosal plane 

Two dogs i eceived 30 me of Au 10S diluted m 2 c c of normal saline so hi 
tion Thi ee dogs reeeiA r ed 50 me and one dog 68 me in similar dilution One 
dog receiA ed 75 me diluted in 2 6 c c and one dog i eceived 100 me of An 165 in 
3 45 e c All animals sumA r ed and appealed to be in a noimal state of health 
at the time of autopsy They Avere autopsied from tAventy-one to sixty six dais 
after injection Histologic sections A\eie made of the site of injection, the 
lung, lymph nodes, bone manoAv, spleen, livei, and kidneys 

RESULTS 

One animal Ailuch had lecened 50 me had pencarditis and mediastimtis 
lesultmg from leakage of the radiogold into the mediastinum It is probable 
that the needle passed thiough the bronchial aa all since no local effect could be 
found in multiple histologic sections of the bionchus, and no change in the 
hmipli nodes attributable to ladiation Avas found The dog receding 85 me had 
some aspiration into the loiver lobe of the light lung, but shoived consideiable 
lAnnph node change in addition to the radiation effect on the lung tissue 
These tAAO failuies represent enors m technique and point out definite dangers 
in the theiapeutic application of the method HoAieAei, it might be added 
that to oui knoAiledge they aie the only technical failures that haAe occurred 
in sixty animals Ave have injected m this mnnnei 

The lemaining seAen animals shoAied no gioss eAidence of damage fo 
the bronchial aa all at the site of injection (Fig 1) There Avas, Iioavca er, 
microscopic change in the Aessels of the bionchial aa all attributable to radia 
tion The damage A\as neiei seAeie and the aa all iemained intact (Fig 2) 
Bone manoAA fiom nbs and steinum A\as Avithin noimal limits ns compared 
with eontiol animals Theie weie no changes attubutablc to radiation in the 
lungs, lner, spleen oi kidncAS Multiple sections A\eie made of the upper 
tiacheal right and left paiatiacheal and light and left subcaimal hmph 
nodes Varying degrees of radiation change occuned in these nodes in all 
animals TIioa langed from complete neciosis of all the aboAe hmph 
nodes through isolated areas of focal necrosis to dense scars in portions of the 
nodes (Figs 3, 4, and 5) This patcln distribution of radiation effect could not 
be attributed solely to the dosage of isotope used, site of injection, or time 
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3—Section showing Intact bronchial wall at the site of Inject!, 
radiation reaction in the blood \ easels. 


There Is slight local 
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Intel val beti\ een injection and autopsy The possibility that Ij mph cn culafion 
thioughout any giien node might he impaned by pienous infection it ns sng 
gested in one animal that had a granulomatous lymph noditis presumably 
secondary to histoplasmosis of the lung This of couise also suggests that m 
a lymph node containing metastatic cancel, the isotope nught not leach eftec 
tive concentiation This pioblem is now under ini estigation 

Fig 3 
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Fig 4 


Tip 3—Low-power magnification of right parntrachenl lymph node There Is J| or 
radiation necrosis with onli ft small amount of residual 1} mphold tissue firm in lift ■ , 

liortlon of the photomicrograph This dog had receKed 50 me. of Au 1 ” fl\e weeks prc'i 
Fig 4—High power magnification of Ijmph node shown In Fig 3 


SUMMARY AND CONCLUSIONS 

A colloidal solution of Au 103 nns injected mto the submucosa <>t the 
mteimediate bionchus of nine dogs Histologic examiintion of the site ol 
injection regional hmpli nodes, lungs, liter, spleen, kidneis, and bone marrow 
u as made 



berg et al injection of radioactive colloidal gold DUX 

Evidence of radiation effect was confined to the injection site and its 
lvmph drainage area 

Technical eirois m injection lesulted m peneaiditis and mediastimtis m 
one animal and radiation necrosis m the lower lohe of the light lung in 
anothei 



Fig 5 —Photomicrograph of lymph node show Ing deposition of gold and radiation scar »Kt> - 
sK dais after Injection of 30 me of Au’" Into the bronchus 

Theie were no uiitovaid effects at the site of injection, using relativeh 
high dosages langing from 30 to 100 me, indicating that mobilization fiom 
the mucosa to the nodes takes place lapidh befoie set ere local mjuri lesults 

Radiation effect of varying degiee was piesent m the Ivmph nodes of all 
ammals 
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INTRABRONCHIAL LEIOMYOMA 

Frank M Hirose, JID,* and Gordon R Hevnigar, MD" 

Richmond, Ya 

P RIMARY muscle neoplasms of the lung are infrequent In the lung, as in 
otliei oigans, the muscle tumors are Ieionnoma, leiomx osaicoma, rhabdo¬ 
myoma, and rhabdomxosaicoma These xarions muscle tumors of the lunghnie 
been descnbed m the literature in detail, and an analysis of the available cases 
is summarized in Table I Of the recoided leiomyomas two presented as mtra 
bronchial tuinois of definite bronchiogemc origin, and si\ were paienchvmal in 
location We believe the present case is of mteiest primarily because, to the best 
of orn knoyvledge, it is the thud intiabionchial leiomyoma to be leported, prewous 
cases having been reported by Turkmgton and associates 1 and Freneich and 
co n orkers 2 The cases b 3 Brahdy , 3 Foikel , 4 and Fianco 5 xt eie cleailj pulmonary 
leiomyomas, but it is unfortunate that the exact sites of origin and statements 
as to intra- or extra luminal extension aie lacking The case reported by Williams 
and Daniel 0 was a leiomyoma sunounding and obliterating the left lover lobe 
bronchus The case reported by Deussmg 7 is cited as the second one in the 
liteiatuie We do not behex'e that his case lepresented benign leiomyomas (see 
discussion below) 


report of a case 

A 43 year old Negro xxoman was admitted to the Emergency Room of the St Philip 
Hospital, Medical College of Virginia, on Sept 6, 1952, with the history of sudden lo«s of 
consciousness and convulsion. The patient was first seen at a hospital of a neighboring 
city, at yyltich time she was having continuous generalized convulsions She was sub«e 
quently referred to this hospital after emergency treatment There was no history of past 
illnesses except for the removal of an abdominal tumor eight years previously Her famib 
history was not unusual There yyas no history of known hypertension Physical examination 
on admission revenled a blood pressure of 200/150, pulse 140, respiration irregular with 
periods of apnea necessitating artificial respiration The skin xvas cool and of good turgor 
The patient yvas completely unresponsive Their yvns no nuchal rigidity The pupils vert 
unequal, with tho left quite small The optic disc yyns blurred on the right, with tho ves'el' 
full and tortuous The left optic fundus yyns not adequately visualized Tho heart wn* 
enlarged y\ith a rapid but regular rate No murmurs yyere heard The upper respiratory tract 
yyns filled with voraitus The lung fields contained many rales The abdomen showed a I°w, 
nudlinc, healed abdominal scar Masses or organs were not palpable Tho external genital'" 1 
yyere not unusun! All the extremities yyere fiaccid yyith reflexes absent in the loner exlrenu 
tit_s, but nctixe in the upper Positive Babinski reflex or ankle clonus was not elicited The 
cranial nerxes were difficult to evaluate adequately The patient was given supportive thcrapv 
to no avail, and she expired one and one-half hours after arrival at this hospital 
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Fig 1 —Gross autoprv specimen showing origin within right upper lobe bronchus at bifurcation 

from main-stem bronchus 



A 

v <: 









14 


the journal of THORACIC SURGER-y 


a i 2 s 

O Z? 

,o ^ C o c 

C* © 0^0 

Ch PJ £ hJ 


g ,a ,a 
•§ *S O 


to fcJO O a c^-2 

C O c- A, p,_Q 

^ S g* 3 - 


•2 o ,Q 

^ o ^2 ^ 


a« o ^ p, 

O* O, Q Ch 

3 Oh £ p 


£ 

*g to t£ p, 

* « s 


U ti tr 

& « 


o O If H ^ 
O r-i f_ 

0,0 = «S o 

PV 2 ON > 

3 r u~~ o 

+J^4J c —■ 

'Sc S £ 


CS C _ ^ 

o cs - 

£S * § 

2 - o p *- 
° 5 

a £•« 


c. 2 c 

C too 


Fh Fh ^ 


O f- oo I— 


~ o ss 

a -j O: 

_SC S — 


S — *3 

s CS o 

*- *- cs 

Pi p es 


nmOSE AND HENN1GAK INTItABItONOlIIAL LFIOJIYOMA 


505 


8 * 0 

C o 

s % a 
& VS 

t-. ,2 g 

1 sg, 

2 s a 

o p* 

^ CO 


tJD «W 

- o o 

« M J-i 


w O m 

*? 7: 'r 

Gt5 Eb a 

1— W u ^ 
3 3 3 

CO CO CO 





506 


THE JOURNAL OF THORACIC SURGER\ 


Gross Post Mortem Findings —A mnssne pontine hemorrhage was found with no cn 
dence of an aneurysm being demonstrated /VII clinical findings could bo related to this lesion 
An incidental findings was a grayish white, firm, bronchial “adenoma like 1 nodule, mi 
uated w lthm. the lumen of the right upper lobe bronchus, just distal to its origin from the 


A 



n 

Fip 3 —Bundles of spindle shaped cells on (A) longitudinal and (H) cross section (X - 00 

reduced jx i .) 

right main stem bronchus (Fig 1) The nodule did not cau«e complete obstruction of ^ ^ 
bronchus, mid the lung parenchyma di«tnl to this lesion gu\e no evidence of abate**** ^ 
bronchiectasis It measured 1 0 cm in diameter and was connect* d to the wall o 
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n 7 On cut action, the nodule was of homogeneous 

bronchus through a base measuring i ot markings Gross examination of a 

—-—- 

the bronchial cartilage 

Microscopic Description —The tumor appeared to have arisen from bronchial musculature 
and was interred for a short distance between two bronchial cartilages thereby ^pamhng 
the latter (Rg 2) It extended for a short distance between the cartilages but did not 
Jl- the deep penetration of the bronchial wall which so frequently dmractemes bronchial 
adenomas In l number of sections examined there was no invasion of regional lymph node.. 
At the base of the tumor, several large dilated bronchial glands filled m mxa» -ere seen 
The neoplasm was chnrnctemed bv whorls of interlacing bundles of spindlelike cells (Fig 3) 



Fie I—Reticulum stain Jemonstratine fine network of retieulln oriented to the lone axis of 
muscle fibers. txSOO reduced '“v) 


Examination of hematoxylin and eosm preparations showed that the cells were eharactemed 
bv clumps of ovoid nuclei, devoid of nucleoli, atypical mitotic figures, or abundant chromatin 
content The cvtoplasm was abundant and "streamed out" from the nucleus, identical to 
the appearance seen in a fibroevte or myocyte When the intensity of the microscopic light 
was diminished, longitudinal stnations became apparent A careful search failed to reveal 
the presence of ctos 3 stnations No necrosis was found As the tumor grew into the lumen 
of the bronchus, it earned a eovenng of respiratory epithelium. This epithelium showed 
no tendency toward squamous metaplasia, as is frequently the ease in benign intraluminal 
bronchial neoplasms A Mas«on tnchrome stain revealed abundant blue staining collagen 
running m between the smooth muscle fibers A phosphotungstic acid hematoxylin prepava 
tion readily selected blue staining strands of smooth muscle fibers with their longitudinal 
stnations Sections stained with Yerhoeff and van Gicson stains surprisingly revealed most 
tumor stained vellow, a common finding already referred to bv Ziphin i= A fat stain did 
not show nnv sudanophihc matenal A Wilder periodic acid 8duff stain demonstrated a 
fine network of reticuhn oriented to the long axis of the muscle fibers (Fig 4) No aldehyde 
was demonstrated 6 ' *' ae 
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DISCUSSION 

The importance of recognition of an mtrabronchial leioim oma lies m the 
necessity of differentiating this lesion fiom othei mtrabronchial neoplasms din¬ 
ing bronchoscopy The moie common lesions to be diffeientiated from mtra 
bronchial leiomyomas aie mtrabronchial adenoma, fibroma, chondroma and 


> 



Flp 5 —Gro*s specimen of bronchial adenoma 

malignant neoplasms Treatment may \an with a gnen tvpc of lesion, " lt ' 1 
subsequent different m l-ccurieuce, adequacy of icmoyal, moibidity, and, P ossl ' 
mortality On gross inspection of these lesions, this cannot be ieadih done owin¬ 
to the similarity of their appearances ns e\idenccd lie the accompanying I^ 10 * 1 
graphs (Figs 5 and C) Contrarnyise, microscopically there is usual!' little i 1 
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culty m establishing the diagnosis Difficulty may on occasion arise in the micro¬ 
scopic diagnosis of intraluminal bionchiogeme tumors, for muscle tissue may form 
a component of parenchymal hamaitoma, and likenise collagen mav be found m 
leiomyomas With use of the van Gieson stain, a leiomioma max appeal to be 
composed of pure myocytes, but with other differential stains such as the Masson 
triclirome, and phosphotungstic acid liematovs lin, the collagenous component 
will be readih apparent This lack of staining of collagen with the van Gieson 
stain mav possibli be due to the relatne immatuutv of the collagenous portion 
of the tumoi Morphologically, the site of oiigm of the piesentcd leioim oma 
corresponded to the smooth muscle of the bionclnal nail Houciei, ongin fiom 
smooth muscle of a blood vessel cannot be excluded 



Fig G —Gross specimen of bronchial hamartoma 


of film? t f Um ° r p * esented here had as a promment feature consideiable number's 
of fibrocjhes, as demonstrated bv Masson tnchrome stain On the other W 

—v° k m ,he 

xzzrzsz *** - 

regard the tumor presented here asa fibrSomy^ ?he ^ 

a ° m ZZl “ 1 — wi,e " flbroWas,s »« 



510 


THE JOURNAL OF THORACIC SURGERY 


as an example of a benign tumor 2 3 > 10 Fieireich, 2 for example, includes Deus 
sing’s report in a list comprising leiomyoma arising from smooth muscle and 
limited to the bronchus Fiom Deussmg’s findings, which incidentally were not 
illustrated, it is clear that the invasion of the pulmonary vein with extension into 
the left auricle is not in keeping with the piesent concept of the behavior of a 
benign tumor Fuithermoie, one of the tumois contained an “epithekal gland 
ular complex ” Theie is no mention of the piesence or absence of mitoses in anv 
of the tumors described 

The report of the cases of rhabdomyoma (teratomatous), 11 12 and its 
makgnant counterpart, rhabdomyosarcoma, lends itself rvell to the doctrine of 
totipotentiahtres of the myoblast The occurrence of these striated muscle tumors 
could be maintained on the basis of the probability of the myoblast differentiating 
mto striated muscle The diagnosis of a highly neoplastic muscle tumor of 
smooth and striated components is at times m doubt, due to the difficulties m 
differentiating them from a highly anaplastic primary bronchogenic carcinoma 

To date two cases of pulmonary giandulai cell myoblastomas hare appeared 
in the English hteiatuie 15 10 On bronchoscopy, both presented as an infra 
bronchial mass At the piesent time the histogenesis of benign granular mro 
blastoma is unsettled Various theories have been proposed based on a degenera 
tive pi ocess, origin from muscle, and origin from nerve fibers This lesion is not 
to be confused u ith muscle neoplasms of the lung such as the leionn oma presented 
in this case, rrlucli lepiesents a true neoplasm of smooth muscle, most probablr of 
bronchial origin 

SUMMARY 

A case of mtiabionclual leiomroma with a gioss appeaiance indistmguish 
able from adenoma and fibioma of the largei bionchi is presented Difficulties m 
diagnosis are discussed 
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THE MASKED BllONCHOPLETJRAL FISTULA 

Bruce J Fsvxz, SID, axd Jajsies D Murph\, SID 
Oteen, N C 

T HE symptoms and signs of postiesection bionehopleural fistulas are usualh 
definite and unequnocal Occasionally, however, these fistulas derelopin 
such a mannei as to make then piesence unsuspected until a eatastiophe super 
idles Undoubtedly man^ such lesions heal spontaneous]} without haring been 
definitely diagnosed as a complication 

Failure to detect such a fistula might oecui m patients who aie referred foi 
operation to surgical centers and then leturned to a sanatoinini foi postopeiatire 
caie A sinulai situation might derelop in small tubeiculosis hospitals where 
busr consultant suigeons must leare the postopeiatire caie to staff members who 
are not conscious of the dangeis that lurks in the “aheolat leak,” ‘‘space 
defect,” “leluctant ie-e\pansion,” or any of the other numeious euphemistic 
terms which aie used to describe this complication The ranation in ficqucncr 
of such complications repoited br many surgeons mar reflect the zeal with which 
the seal eh foi confiimatorj evidence of the pmsenee of these fistulas is pressed 
We hare selected the term ‘‘masked fistula” to descubc the lesions rvhich 
fumish unquestioned eridence of then piesence aftei a period m which the 
patient seemed to be piogiessing satisfactonly Some of them hare had \ rav 
evidence of an apical ail cap, but all hare had m common the factor of appaieut 
faroiable piogiess pnor to the appearance of definite signs of fistula 

Resection has displaced thoracoplasty as the most commonly used majoi 
surgical pioceduic in the therapr of pulmonair tubeiculosis As singienl tech 
niques were improred and anatomical knowledge of the lung stiuctme mcieased, 
it became possible to icmorc smallei and smallei segments of the lung This is 
well illustrated m the lepoits submitted to the Tim teen Ycteians Adnunistiation 
Chemotlietapj Confeicnec in Febmaij, 1953 (Fig I) Jt was shown tint 
fiom October, 1947, to Octobei, 1948 175 resections weie lepoitcd Pneuinonec 
tonnes accounted for 451 pei cent, and 54 9 pei cent weie lobectomies 
segmental lesections weie done From Januaij, 1951, to January, 1953, h'h 
resections were icpoited Ten and eight-tenths (10 8) pei cent of these were 
pneumonectomies, 321 per cent lobectomies, and 57 1 pei cent wedge an' 
segmental resections riom Januair 3953, to Januair, 3954, 1 235 lesections 
weie repoited Of these 4 9 per cent weie pneumonectomies, 29 9 per cent 
lobectomies, and G5 1 per cent segmental lesections With the increase m 
segmental resections, the possibilitr of smaller alreolm air leaks is augmented 


From the A cterans \flmfnIstratlon Hospital Oteen N C 
BcceKed for publication Aup C 1954 
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This increase in benign air leaks is also accompaniedbr an“ screening 
her of true fistnlae and imposes upon ns the responsibility- of earefullv screemn D 

these lesions so that a proper surgical attack mar be earned o 



At Oteen, 625 resections were performed between Oct 1, 1915, and Sept 1, 
1953 (Table I) Twentr-four, or 3 83 per cent, of the 625 patients who had 
undergone a resection developed what we term a masked fistula A breakdown 
of the 24 fistula cases reveals the fact that 12 followed pneumoneetomv, 3 followed 
lobectomy plus a wedge resection, 3 followed lobectomv, and 6 followed segmental 
resection The diagnostic criteria for such lesions plus several case histones will 
be presented m the balance of this report 


Table X 



PNEUMONECTOMIES 

LOBECTOMIES ^ 

SEC MENTALS OE 
MEDGES 

Tuberculous 

172 

isi 

15S 

X ontubercul ons 

35 

67 

9 

Total 

207 

251 

167 


SYMPTOMS VXD SIGXS 

The following symptoms and signs are those which have been most helpful 
t° us m suspecting or diagnosing a “masked fistula ’ 

Suijecfne Symptoms — 


1 Pam or tightness m the chest 

2 Sensation of ‘ blowing air ’ m the pleural canty 

3 Cough increased when lvmg on nonoperated side and 
reddish or brown-tinged sputum. 


pioductive of 
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Objective Signs — 

1 Betum of fevei aftei a postopciatne lctiun to noimal 

2 X-ray evidence of an unabsoibed or inci eased amount of mtinpleural mr, 
oi the appearance of an an pocket in a new location 

3 Unexplained loweimg of the intrapleuial fluid lei el 

4 Inciease in bloody sputum or fluid expectoiation aftei instillation of a 
fibrinolytic agent such as vandase 

5 Expectoiation of dyes, such as methjlene blue, following instillation into 
the hemithoiax oi packing in a sinus tract 

6 Smell or taste following instillation of an odoi-pioducmg material such 
as ethei mto the pleural canty 

7 Bronchoscopic nsualization of a fistula 

8 Bronchograpluc demonstiation of an abnoimal communication between 
the bronchial tiee and the pleuial canty 

9 Ketrogiade entrance of ladiopaque matenals m the bionclnal tiee after 
injection into a chest wall sinus 

10 Inteimittent or persistent subcutaneous emphjsema 

11 Demonstiation of an mexhaustible “an pocket” on thoracentesis 

12 Sudden appeaianee of a pneumothorax aftei le expansion of the lung 

13 Failure of the lemaining lung, if am, to re expand on the operatnc side 

CASE HISTORIES 

Case 1 —H H, a white man, aged 28 years, liad had a diagnosis of far advanced pal 
monary tuberculosis established in 1947 When admitted on Oct 1, 1951, a tension enutv 
with an adjacent 2 cm caseous nodule was present in the right nppor lobe. The tension 
cavity closed under pneumoperitoneum and chemotherapy, but the caseous nodnlo persisted 
and an apical posterior segmental resection was done, July 10, 1952 Postoperativcly there 
was a low grado daily elevation of temperature until the twenfv fourth dnj when a suddio 
rise to 103° F occurred This subsided to normal in one week X raj films revenhd an 
apical air space about 4 bv 3 bj 2 cm in size on the first postoperative day This persisted 
and on the twentieth day a fluid level was present for the first time AYhen a needle was 
inserted, an unlimited amount of air could bo removed A andnsc was instilled and produced 
an immediate cough and a complaint of a salty taste in the mouth On Sept. 12, 1952, a four 
rib thoracoplasty was performed, and the subsequent course was uneventful 

A diagnosis of bronchopleural fistula was established bv fulfilling at least four of ear 
criteria. X ray appearanco was rather benign, and tlus case might have been classified 
as an alveolar leak corrected bj a thoracoplnsti with a fnvorablo effect upon our morbidit' 
statistics 

C\SE 2—W E 1C, a 33jearold white man, was given a diagnosis of pulmonnrv tuber 
culosis in 1946 In October, 1950, far advanced bilateral disease with cavitation in tho right 
hilar area was present Ho was treated with bed lost pneumoperitoneum, and chemotherapv 
until Feb 7, 1952, when a right lower lobectomy plus wedge resection of nodules in the middle 
lobe nn d apical segment, of the upper were done Postoperativcly tho rcmninmg lung quic 
re-erpanded and filled tho pleural cavity Drainage tubes were removed on tho second daf 
On the fourth postoperative dai x ray films revealed a 50 per cent pneumothorax on 1 
right. Air was removed bv needle nnd the lung was re expanded on tho eighth postoperatiw 
dnr The temperature reached normal on the twelfth day Acid fast organisms P crM ‘ 1 
in the sputum. A five rib protective thoracoplnstv was done, March 10, 1952 An inter 
mittent positive sputum wns present thereafter, but Ins course was otherwise satisfnctorv 
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On Mar 3 1952 three blech silk sutures were coughed up Bronchoscopic examination on 
June 23, 1952 revealed an apparent opening m the lower lobe bronchial stump po^ 
sputum. persisted m spite of treatment with Isoniazid, and on Julv -o, 
of the r!ght lung was resected A definite fistula was present, opening into a .ma 1 - 

podL betweeTfhe lower lobe bronchial stump and the right margin of the esophagus His 
*fub t: 6auent course was unerentfoL 

A bronchopleural fistula was not su-pecrfd * this patient until a bronchoscopic examina 
tion was done four and one half mouths after the initial resection In spite of the paucitv 
of srmptoms a walled-off ab*ce*s was present which was responsible for the continued elim 
matiotx of acid fast organisms 

Case 3 —S C S, a 34 rear old white man \ta_- admitted Sept 6 1946 for treatment 
of pulmonary tuberculosis with cavitation of the left upper lobe Treatment included a 
left phrenic crush in October, 1946 pneumoperitoneum and streptomycin Following this, 
a left sixnb, two-stage thoracoplasty was done in September 194S On Jan IS, 1949, a 
left upper lobectomv was done Postopt ratirelv his course was satisfactory until a minute 
pleurocntaneous (supposedly') sinus was noted on Feb 7 1949 This persisted without fever 
and with minimal drainage On April 9,1049 (3 months post operatively), a persistent slightly 
productive cough was noted On Mav a 1949 the small "liras tract was explored and a 
cavitv found in the pleural space area Xo bronchopleural fistula was noted, however 
Bronchoscopies had been normal April 5 and Mav 19 1949 It was noted that on Mnv 29 
1949 Chloresium used on the wound packing was coughed up in the sputum He remained 
asymptomatic thereafter and his wound partially healed Because of the persistent space, 
a partial seapulectomv and rib resection was done June 1 1949 A Sinns tract persisted 
with no symptoms On Dec 13 1949 the patient stated he was blowing air through his 
sinus On Dec 15, 1949, methvtene blue instilled into the sinus tract was not coughed up 
in the spotum, but, when this was repeated Dec 31 1949, the dve was at once expectorated 
on coughing Bronchogram on Jan 6 1950 showed no bronchopleural fistula. On Feb 15 
1950 a third stage thoracoplasty was done with resection of nbs 10 and 11 Revision of the 
sinus tract was done on March IT, 1050 Bronchoscopy Mnv IS, 1050 showed for the first 
time a small bronchopleural fistula On Sept 29, 1050, another ‘Abode thoracoplasty was 
done and the fistula and wound finally healed 

This case illustrates a mashed fistula which was first suspected about three months 
following lobectomr It was definitely diagnosed when Chloresium was coughed up four 
and one-half months post opera tivelv Xo further proof could he ehcited until eleven months 
postoperativelv when dve instillations showed that an abnormal communication existed Bron 
chorcopies other dve instillation and bronebograms before and after the positive test were 
negative 

Case 4—L-B a 24vear-old Xegro man, was admitted for treatment of pulmonarr 
tuberculosis which originated in October, jojs Bilateral productive disease with cavitation 
on the right was present After numerous courses of streptomycin and PAS a three stage, 
«even rib thoracoplasty was done in October, Xorember and December, 1950 A bronchogenic 
spread followed. Finally Jan. 29, 1052, a right upper lobectomy, resection of the superior 
segment, right lower lobe and decortication were done Postoperativelv his course was a 
relatively asymptomatic one but characterized bv development of a pleurocntaneous sinus 
two and one-half weeks postoperativelv The sinus persisted and drained a moderate amount 
of serous material, but caused no other symptoms or signs Methvlene blue instilled into the 
sinns on Feb .3 19o_, did not appear in the sputum. Bronchoscopies Feb 7 195 "> jnne 5 

If “ a fa” ls - WE 2 

The sums tract appeared to be slowly healing and the patient had no complaint* Ma « r 
of routine inquisitive on Julv 21 1952, lodocMorol was instilled into the 
tract and, to our surprise, a uearlv complete bronchogram of the opposite W ? 

thereby clearly demonstrating a bronchopleural fistula. Xotfung /urther ^oue tr ’ 
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bronchograms done in routine fashion failed to show the fistula. On Aug 31, 1952, the 
patient spontaneously coughed up a black silk suture, within ten days the sinus tract had 
completely closed and has stayed closed to date 

The case clearly demonstrates persistent bronchopleural fistula which was absolutely 
asymptomatic and was discovered six months following resection by routine investigation 
of a persistent pleurocutaneous smus tract b\ instillation of Iodoclorol 


Table n Effective Incidence ob Frequency of Various Diagnostic Signs of Measites 

Employed in 24 Cases 


_ SION* _ 

1 Pain, tightness, "bubbling” feeling 

2 Fever 

3 Cough with bloody sputum, worse on position change 

4 Air on x ray (previously unseen or decreased) 

5 Decrease in fluid level in chest as seen on x ray 

6 Injection of sinus tract with radiopaque material 

7 Injection or instillation of 

(a) Methylene blue 

(b) Vandase 

(c) Ether 

(d) Tryptar 

(e) Chloresium 
S Bronchograms 

9 Bronchoscopy 

10 Excess air (1) aspiration, (2) subcutaneous emphysema 

11 Fistula found by later surgery 

•Subjecthe 1-3 
Objecthe 4 11 


POSITIVE 


0 

3 

0 

6 

2 


SUGGESTIVE 


1 

32 

5 

30 

0 

0 



DISCUSSION 

1 The highest numbei of fistulas were proy ed by metln lene blue instillation 
into the suspected hemithoiax It is mteiesting to note, howeiei, that m several 
cases of suspected fistulas, metln lene blue instillations yyeie repeated from 2 to i 
times before positne evidence of the die could be found m expectoiated sputum. 
Vandase, Tryptai, Chloresium, and ethei had lesser application but occasional^ 
pointed the yyay to a collect diagnosis 

2 Bronchoscopic eNammation and needle aspnation of suspected pockets 
were the next most reliable diagnostic measures used to pioie the existence of 
suspected broncliopleuial fistulas The likelihood of failure to nsualire an 
existent fistula, howeyci, is fanh gieat with bionchoscopy, contian to the belie 
of manv In this senes of 24 cases of fistulas, bionchoscopy yyas eonfirmaton m 
only 8 cases, or 33 3 pci cent 

3 The piesence of seemingly limitless quantities of an, as obtained on 
aspiration, or seen in subcutaneous emphysema, etc , was also definitely diagnostic 
in 7 of the 24 cases, or 28 3 per cent, and highly suggestne in three instances 

4 Coughing up bloody oi pmk-tmged fluid yvas considered diagnostic in 
three instances and highly suggest lie m fne othei instances When tins coin 
be correlated yutli \-ray y isualization of a decreased fluid ley cl and increase 
air pocket, it yyas considered positive, but in seieml instances it was jmpossibe 
to do this because the pleural fluid dinined through a plcmocutnneous sinus or 
thoracotomy* tube 

Decrease of fluid ley el on \-iay films yyas considered diagnostic also m 
six instances (not the same three mentioned m the preceding paragraph) 
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6 The subjective feeling of tightness, pain, oi huhblmg m the chest was 
diagnostic m two instances (yy here bubbling and feebng of blovv mg an occurred) 
and highly suggestive m seven othei instances It u on Id appeal that m the eases 
where pain or sensation of tightness is felt m the chest legion seieral neehs 01 
more following a p ulm onary resection, the presence of a bionchopleural fistula 
and/or empyema pocket secondary to that fistula is extremely likely 

7 The injection of pleurocutaneous sinus tracts i\ith a lachopaque niateunl 
was conclusive in two instances, one of which y\ as entirely unsuspected 

8 The presence of fe\ er cannot be eonsidei ed as more than a suggestn c 
sign This occurred in 12 instances, oi 50 pei cent of the 24 cases studied 
Fever occuiring aftei the first three postiesection weeks should certainly direct 
efforts to proving or disproving, if possible, the existence of a bronchopleural 
fistula 

9 Bronckograms play a very knnted lole m proving the existence of a 
bronchopleuial fistula even when one is almost certainly piesent Tins is 
probably due to the high surface tension of the viscous oils used m bronchogi apln 
They tend to adhere to the margins of the small fistulas and foim a protectue 
film over the small onfice 


CONCLUSION'S 


1 A definite clinical entity of so ealled masked or umecognized broncho¬ 
pleural fistula exists 

2 An attempt is made to define this entity and to state the factors involved 
in its recognition. 

3 Even with the presumptive diagnosis made and ivith all the diagnostic 
armamentarium available, confirmation of these fistulas is often difficult 

4 Any or all of the applicable tests available should be employed and 
repeated as often as necessary The initial failure of a “test” once does not 
mean it will subsequently be a failure 

5 It is suggested that any patent pleurocutaneous sinus be repeatedly in¬ 
vestigated and considered as a possible omen of broncliopleurocutaneous com¬ 
munication 


6 It is suggested that a lesidual pleural space following any form of 
pulmonary resection be eonsidei ed as potential eridence of an occult broncho¬ 
pleural fistula and that eyerv effort be made to prove its existence m order to 
institute early treatment and forestall serious complications 



EXPERIMENTAL TUBERCULOSIS 

Effects of Ligation of a Pulmonary Artery on the Pulmonary Lemons 
of Induced Bovine Tuberculosis in Rabbits 

H William Scott, Jr , M D , Harold A Collins, M D , John H Foster, M 1) , 

and Roy D Avery, Ph D 
Nashville, Tenn 

I N PREVIOUS studies 11 it lias been shown that vanous expeiimental altera 
tions of the pulmonary cnculation in monkejs infected with human tubercle 
bacilli produce characteristic changes in the tubeiculous piocess “Artenahza 
tion” of the lung whethei In anastomosis between a scstemic and a pulmonan 
artery or bv ligation of a pulmonan artei a results in the deielopment of 
massive conglomeiate caseous lesions m the “artenahzed” pulmonan tissue 
Consistent changes of this ty pe weie found in a laige senes of monkeAs mcspcc 
tive of the size of the infecting dose of bacilli, the loute ol admnnstiation or the 
time of administration ot the infecting dose in 1 elation to opeiation These 
observations weie made in monkecs infected with human tubeicle bacilli In 
order to determine whethei host species and baetenal stiain \anntion would 
alter these obsened phenomena, the piesent e\penments weie conducted Tins 
leport is conceined with the effects of ‘'aitenalization” of the lung, be ligation 
of a pulmonan arten, on the pulmonan lesions of induced bonne tubeiculosis 
in rabbits 

methods 

In these experiments 50 healtln adult labbits weighing 2 to 3 kg were used 
A standard dose of 1 c c of a suspension containing 10"* mg of oigamsms per 
cubic centimeter of the same mutant bonne stiain of tubeicle bacilli was gnea 
to each labbit mtravenoush Fiao dais latei anesthesia was induced with ultra 
venous sodium pentobaibital, 30 mg pei kilogiam of bode weight Because of 
the difficulty of oral intubation of the tiachea in the labbit, tiachcotonn was 
performed in each case and a No 12 FoIca cathetei inserted into the 111101101 
The catheter was connected to a mechanical msufflatoi tlnough which passed 3 
liters of owgen pei minute All labbits weie then submitted to tlioiucotom' 
wnth full aseptic technique In one gioup of animals the leit pulmonan artei' 
was isolated and ligated I 11 the lemaining animals simple thoiacotonn was done 
as a contiol Gieat erne was taken 111 cadi instance to obtain accurate ri 
expansion of the lung befoie closuie of the thoiacotonn wound The eat Intel 
was then rcmoced fiom the tiachea and the small tiachcal opening was closed 
with a single sutuie The Tinmals weie kept 111 indnidiiil cages in the snnu 
isolation 100 m and weie fed stock diet until death 

J-rom flip Htpartm* nt« of Sur^t n nml PothoJopa A on'lnrhllt I nhirnlts SclK^'t "I 
Medicine 

Receded for publication Vup 1954 
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Of the 50 animals submitted to thoiacotonn theie weie IS anesthetic deaths 
and 14 other annuals died within one to ten dais aftei opeiation Intolerance 
to anesthesia and postopeiative atelectasis were largeh responsible foi the high 
mortahtt rate Mechanical insufflation via tiaeheotonn was onh paitialtt suc¬ 
cessful m circumventing these problems The lemaimng IS animals (13 with 
pulmonarv arterv libation and 5 with control thoracotonu) de\ eloped tvibeicii- 
losis which progressed to a fatal termination m fiom 54 to 140 dais An 
autopsv was performed immediateh aftei death m each case Special eaie was 
taken to compare the character and extent of the tuberculous pioccss in each 
lung and a detailed description was recorded Both coloi and black and white 
photographs of the lungs were made as an aid in leeordmg gross appearances 
In addition the lungs from each xabbit weie presorted m formalin foi subse¬ 
quent checking and comparison of the tuberculous lesions Sections were taken 
for microscopic stuck' and specimens were cultured foi tubeicle baeilh 

Jfesidfs FoUoumg Ligation of Left Puhnonaiy Artery —There were 13 rab¬ 
bits which survived opeiation and the immediate postoperatne penod All had 
received the standard dose ot bonne tubeiele baeilh intravenoush file dais 
pnor to surgerv These rabbits lived 54 to 114 davs following inoculation 
Pertinent data concerning these animals are summarized in Table I 


Table L Effects of Ligation of Pulmonary Afteey ok Bovine Tuberculosis in Rabbits 


RABBIT NO 

AM) 

PROCEDURE 

| ST7FYTVAL TIME 
| AFTEP 

i INJECTION 

1 (BATS) 

DISTFIBCnON or PULMONARY LESIONS VT AUTOPSY 

EXTENSIVE CASEATION 

IN LUNG WITH AFTERV 
UGATED 

MORE EXTENSIVE j 
i IN OPPOSITE LCNG ■ 

nobiftepence 

IS LENGS 

Pulmonary Arterv 



Ligated 




7B 

ID 

j- -i — 


10 B 

09 

-U 


11 B 

101 

Jl a. 


12 B 

72 

+ 


11B 

79 

— A. 


15-B 

SS 

Marked atelectasis 


19 B 

101 

■t, ,£- J- 


27 B 

S3 

Marked atelectasis 


2SB 

54 

j_i. 


34-B 

113 



40 B 

So 

— -L. 


11 B 

IS B 

S3 

71 

Some atelectasis 

+ 

Control Thoracotomy 



IS B 

SS 



12 B 

75 


■i. 

15 B 

116 



10 B 

99 


+ 

50 B 

110 


-3- 


extent of tw ' , "' lth mtwr »Pt«m of the left pulmonarv arterv the 

, of the pulm ° nan dlsease "‘as greater m the left luim Examples of 
e difterences m the disease process m the two lungs are depicted ,n L 
The left lung charaetemticallv revealed hrm conglomerate nL T * e 1 
'°" ,rast ,he , rag « PMtd aud less 
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tubercles showing less conglomeration Atelectasis of varying degiee was pres 
ent in the left lung in 8 of the 13 animals In each of these 8 animals the 
caseous lesions m the left lung weie less extensile than m the 5 animals whose 
lungs were entirely free of atelectasis In 3 labluts with a ligated left pulmonnn 
artery there were no gross diffeiences in the character or distiibution of the 
lesions in the left oi right lung The left lung was atelectatic in each of these 
animals 



RABBIT 28B RABBIT#*!! 



LEFT-DORSAL-RIGHT RIGHT - VENTRAL - LEFT 
RABBITS 19 RABBIT-# 7B 

Fig 1 — \utopsj ppecimens of lunpa from rabbit? pubrrtltt«*tl to ligation of left pulmonnrj nrt ^ 
following inoculation ^Ith bo\Ine tubercle bacilli 
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Extrapulmonaiq lesions m these animals weie often found in the Iner, 
spleen, pencaidium, and kidneys, but weie much less extensile than those in 
the lungs Microscopic studi and baetenal eultuies confirmed the presence of 
tubercle bacilli Mieioscopic examination of the lesions in the two lungs failed 
to reieal am significant diffeienee that was not apparent fiom gross examination 
Results Following Control TJioiacotomy —Five lablnts of the group -which 
was submitted to control thoiacotoim sunned opeiation and the immediate 
postoperatn e penod Each of these animals had lecened the standard dose 
of bovine tubeiele baeilk mtiavenoush the dais befoie thoiacotoim These 
animals lned 75 to 140 davs follow mg inoculation The autopsi findings are 
summarized in Table I The lungs of these five labbits leiealed an equal dis 
tnbution of small tubeieles langmg fiom 2 to 6 mm m diameter Theie was 
no diffeienee m the eharactei oi extent of lesions in the two lungs Tvpical 
findings are illustrated in Fig 2 


COMMENT 

The lesults of this imestigation indicate that in labbits with induced bounc 
tuberculosis, ligation of a pulmonan arterx lesults m alteration of the disease 
in the affected lung When the lett pulmonan arten is ligated, the tuberculous 
process usualh becomes much moie extensile in the left lung than in the light 
A lung thus depin ed of a portion of its blood supph deielops a moie massne 
conglomeiate caseous tom of bonne tubeiculosis than the contialateial lung 
of the same animal or both lungs of control animals 

These changes m the pulmonan lesions of labbits infected with bonne 
tubeiele bacilli appeal to be identical with those obsened in the “aiteiializcd" 
lungs of monkevs infected with human tubercle bacilli 1 3 A fulminating tuber 
culous process lesultmg from aitenalization of the lung thus seems to be a 
phenomenon which has no species oi stiam specificitx 

Available evidence indicates that the moie massne caseous tubeiculoin 
lesions which eonsistenth dec eloped expenmcntalh in aitenalized pulmonan 
tissue aie the lesult of an enhanced growth of tubeiele bacilli Oxigcn cn 
bailees the growth in vitro of both human and bonne stiains ot Mycobacterium 
tubeiculosis 0 and, as has been pomted out picnoush, 5 1 a lung or a segment 
of the lung with its pulmonan arten ligated is pel fused onh In fulh on 
genated ssstenuc blood nn the bronchial aitcnes Similaih, a lung which n 
aitenalized In an anastomosis between the end of a sistennc aiten, such as 
the innominate, and the distal end of the pulmonan aiten is peifused onh 
In the fulh oxygenated systemic blood from the anastomosis and that from 
the bronchial aitones .Vs has been shown picnoush 3 aitenalization of tin 
lung be eitlici method results in see ere fulminating tubeiculosis in the affected 
lung Increased oxygen tension m the aitenalized pulmonan tissue with rouse 
quent enlnnced growth of tubeiele bacilli appears to hr the fundamental factor 
responsible for the extensne pulmonan lesions 

SUMMARY 

In rabbits with induced bonne tubeiculosis, ligation of a pulmonan arten 
results m a more massne caseous form of disease in the affected lung Thm 
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findings are identical with those pm lonsh obsen ed m monkei s with induced 
human tuberculosis when submitted either to ligation of a pulmonai \ arterv 
or to anastomosis between a sistemie and a pulmonai \ arten The piesent ob¬ 
sen ations indicate that there is no species or stiam specified! m tins phe¬ 
nomenon which seems to be explained In an enhanced growth of tubeiele bacilli 
as a result ot increased o\i gen tension in aitenahred’ pulmonan tissue 
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STAB WOUND OF THE HEART WITH DELAYED HEMOPERICARDIIAI 

Lockert B Mason, M D , Samuel E Warshauer, M D , and 
Robert W Williams, MD 
Wilmington, N C 

I N RECENT veais theie ]ias been a deeiease in the moitahtv of penetrating 
Mounds of the heart This has been biought about laigeh hi mcieased 
awaieness of the need foi piompt diagnosis and treatment of acute eaidiae 
tamponade While the acute phase has been coieied adequateh in the litcin 
tuie, theie is scant mention of the oeciinenee and management of delated ultra 
pericardial bleeding This mar be due to the lanti of the condition The 
following case demonstrates the importance of keeping undei obsenation pn 
tients who hate been stabbed in the tlioiax, eten though thet mar be eliniealb 
well foi seteial dats aftei injuit 

report of case 

A 39 year old Negro man was stabbed with a knife m the left hemithorn\, Jnne 21, 
1953 He did not seek medical attention immediately, and during the next few days he was 
well except for «ome soreness in the chest Because of this di«comfort he saw a physician 
on June 27, six dais after the accident A roentgenogram of the chest (Fig 1) showed 
fluid in the left pleural space, but definite enlargement of the heart shadow could not b> 
diagnosed No definitive treatment was given at this time On July 8, while doing heave 
work, he became aware of precordial pain and exertional dtspnen, both of which persisted 
and led to hospitalization on July 13 

Examination disclosed a recent scar, 1 cm long, in the third left intercostal space 
adjacent to the sternum There were numerous old scars on the chest and abdomen due to 
previous lacerations His temperature was 100 2° F, pulse 100, and blood pressure 100/70 
mm Hg There was no venous engorgement, venous pressure was not measured No cardiac 
apex pulsation was present and the heart was grentlv enlarged to percussion The «ound« 
were of fairlv good intensitv A pericardial friction rub wns heard along tho right sternal 
border Hemoglobin was 12 Gnu A chest film (Fig 2), taken twentj two days after injurv, 
showed tremendous enlargement of the cardiac shadow with the tvpical water bottle “hape 
of pericardial effusion 

A diagnosis of hemopericnrdium due to ■dab wound of the heart was made Fin 
eardiocenteses bv the paraxiplioid route were done on four occasions with tho removal of 
1,130 c c of dark nonclotting blood A subsequent aspirntion vielded less than 5 c c of blood 
At this time the cardiac silhouette had receded but had not returned to normal (lift 3) B 
was thought that nnv blood remaining in the pi ncardium was either clotted or loeulntod 
Exploration was recommended to remove clots mid repair anv site of continued leakage This 
wns declined bv the patient, and he left the hospital on Tulv 25 

He returned to work and had no further svmptoms Follow up films have demon'trnbsl 
gradual diminution in the size of the heart shadow A roentgenogram on Jlnv 14, J <, 54 D'h 
4), eleven months after injurv, showed n normal cardiac outline Vn electrocardiogram made 
on Mnv 14, 1954, revealed no abnormality 
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Fig X—Juc» 1°5* »lx drive after injure Fluid In left pleural *paee 



Fig 


-July H 1«3 twenty two dav, after injtrw Jia^, ve hemope^cartii, 
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COMMENT 

Sex davs after a stab wound of the chest a loentgenogram showed fluid 
in the left pleural space but did uot suggest mUapeneardial bleeding Svmp- 
toms graduallv appealed and a film taken tventv-two davs after the mjwn 
showed a tremendous pericardial shadow 'With this sequence of e\ ents, it is likeli 
that the wound of the heart bled mitiallv the blood escaping from the peri¬ 
cardium to the pleural space The nivoeaidial and peneardial wounds then 
became sealed. Later the heart wound bled again hut this time the blood 
remained in the pericardial sac because the peneardial wound had healed The 
secondary bleeding was probablv slow as the perieaidium had time to stretch 
and tamponade did not occur 

Since operation was not done the exact site of cardiac injure is not known 
It is known howeier that wounds of the rentricle are more likelv to heal 
spontaneously than are wounds of the atnuni In a report of a single ease 
and a renew of eleven othera 1 in which hemopencardium became endent more 
than fortv-eight hours after mjurv, the wound was found to involve the ven¬ 
tricle in each instance For these reasons it is probable that the wound m 
the present case mi olved the i entnele 

After the last pencardiocentesrs, when no moie blood could be aspirated 
and the heart shadow had not returned to normal enzvmatic debridement was 
considered This was not done because of the possibihtv of further hemorrhage 
from hquefnng 01 dislodging an unstable clot 

The normal electrocardiogram eleien mouths following injurr is not sur¬ 
prising since there is a tendenci for the tracing to return to normal with the 
passage of tune after penetrating wounds of the heart 2 

SUUMART 

A case of hemopencardium appearing some tune between six and twenfr- 
two davs after a stab wound of the heart is presented Delar ed hemorrhage 
from a heart wound is rare and emphasizes the importance of keeping these 
patients under observation 
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EOSINOPHILIC GRANULOMA OF BIBS 

Review of Literature and Eeport of Two Cases With Four vxd Si\ a\i> 
One-Half Tear Follow-up, Respectiveli 

James F 0 'Neill, M D , Stanlei J Skromak, M D , and Paul R Casei, TD 

Philadelphia, Pa 

E OSINOPHILIC gianuloma of bone is a benign, cbiomc, piogiessnc, dcstnic 
tne pioeess which mav minuc any neoplastic or inflammatory bone lesion 
Most authorities eonsidei eosinophilic granuloma of hone as a monosvmptomatic 
form of Letteier-Siwe's or Hand-Schullei-Christian’s svndiomes, and the rein 
tionship between these distui banees and eosinophilic granuloma of bone has been 
discussed at length by Otani and Elnheh,' 0 Mallory , os Gieen and Faihei, 41 Engel 
bretli-Holm, Teilum, and Christensen, 3 ' and bj Thannhausei 00 A woiking 
classification summarizing these disease lelationslups has been outlined bj Wem 
stem, Francis, and Sprofkm 104 fiom Mallon's suggestions, and is presented in 
the first three paiagraphs of Table I Henderson, Dalilin, and Bickel 46 do not 
feel that eosinophilic gianuloma of bone is an eail} phase m the life cycle of 
Hand-Sehullei-Chnstian’s srndiome Thev feel that the term eosmoplnhc 
granuloma should be used to desciibe bom lesions in patients onh in the ab¬ 
sence of visceral imolvement and pionded that not moie than two horn lesions 
are present Since publication of Mallon's suggestions in 1942, mail} patients 
have been repoited in whom eosmoplnhc gianuloma of bone has been associated 
with vanous similai lesions in soft tissues, and yet these patients have not shown 
signs suggesting Letteiei-Siwe’s oi Hand-Schullei-Chiistian’s svndiomes The 
first such patient was reported bv Arnold 3 in 1946, when he described the occur 
rence, in a 37-year-old white woman, of an eosinophilic granuloma of the clniiclc 
associated with scattered, bilateral infiltrations of the lungs, which weie assumed 
to be similar to the gianuloma m the bone The lesion ill the clavicle healed 
spontaneously, and the lesions in the lungs cleaied following \-ra\ theiapy In 
1947, Weinstein and associates 104 described a patient who had multiple eosmo 
philic granulomas of hone associated with pulmonan mfiltiations Similar rc 
ports ha\e been made since bv Zmneman, 106 Dickson, 34 Kruger, Prickmnn, and 
Pugh,- 0 and by Walthard and Zuppmgei 101 Patients demonstiating combma 
tions of eosinophilic gianuloma of bone combined with skin lesions haie been 
repoited bv Curtis and Cawley 33 and by Kendrick and Woodiuft jC A patient 
reported bv Sclnoft" 9 piesentcd an eosinophilic granuloma of bone associated 
yyith an anal fistula containing similai tissue Because of this last group of 
patients, y\e hayc taken the liberty of adding 1o Malloiy’s obscirations the sug 
gestions in the fourth paiagiaph of Table I 

The subsequent discussion is confined to eosinophilic granuloma limited to 
the skeleton, and without yisceial lesions, creopt w a few instances where soft 
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Table I 


UM Slice's S„ar,m, S£S5,*SE5£S1 

and spleen, with or without deposits of lipids 

^"pJsauUy^lderchl^Mif^efects m cranial boaec, eaophthnlraos, diabetes insipidus 

natb „r m.ho.t dcpcl, of 

cholesterol 


Eosinophilic Granuloma of Bone 
Children or adults 

Single or multiple lesions of hone , , , , . 

Good general health, low grade fever, leukoevtosis with eosmopluln, local tumor some 

times painful 

Cured by local excision, x ray, or occasionally- spontaneously 

Eosinophilic Granuloma of Bone and Soft Tissue 
Usuallv adults 

Bonv lesion(s) with granulomas of shin or lungs 
Some have diabetes insipidus 

Chronic course, soft tissue granulomas tend to heal bone lesions tend to recur at old or 
new cu tes ___ 

The first three paragraphs were tabulated from V. einsteln Francis and Sprorhln 1 ' 1 from 
Mallory s suggestions The fourth paragraph has been added since that time on the basis of 
case reports published subsequent to 1S42 


tissues adjacent to a granuloma of bone weie involved bv direct extension of 
the lesion m the bone These criteria are not inflexible, however, and will lan 
with the thoroughness and duration of the clinical studv and follow-up penod 
Eosinophilic granuloma of bone was probabh first described* bv Finzi, ,! 
in 1929, in reporting a mveloma with prevalence of eosinophilic cells occuriing 
in the frontal bone of a 15-vear-old bov In 1930, Mignorf 3 described a granu¬ 
lomatous tumor occurring in the frontal bone of a 17-vear-old bov Fraser, 31 m 
1935, described lipoid granulomas occurring in two infants, one patient having 
a single lesion in the ilium and the othei having multiple bony lesions, each 
running a benign course aud apparentiv healing after the use of radium packs 
Whether these were eosinophdic granulomas healing bv lipidization and fibiosis 
is not certain In 1938, Schairer 5 described two instances of osteomv elitis with 
eosinophilic reaction m the parietal bones of 9- and 10-vear-old children In 
1910, Otam and Ehrlich' 6 described seven patients with granulomas of bone 
simulating prmiarv neoplasms, and Lichtenstein and Jafte 01 reported three cases 
with similar lesions and first suggested the term “eosinophilic granuloma of 
bone ” 


To date about 187 patients with eosinophilic granulomas of bone have been 
reported in the literature, and herewith are reported two more patients demon¬ 
strating sobtarv eosinophilic granulomas of the ribs, making the total 189 

The pioeess is a smgle or multiple one, beginning m the medullary areas 
and tending to spiead outwaid with erosion and perforation of the cortex and 
sometimes extending.into the surrounding soft tissues Theie has been no par 
ticnlar pattern of distribution shown in the bones involved, and there does 

child'amraS m the ,kull of a 4 >car old 

^ 1 ?!^ & openings as ^ 
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not seem to be any predilection foi any portion of a gi\en bone Lesions hare 
been described m all bones excluding the patella, ulna, tarsals, carpnls, and 
phalanges of the toes The bone is replaced by soft, rellornsh or brownish 
tissue, the color piobably lesulting from aieas of neciosis and hemorrhage The 
microscopic appearance of the tissue mar ran according to the stage of the 
lesion In the fiist stages theie aie sheets of eosinophils and histiocytes with 
some areas ot giant cells, eosinophilic mr eloevtes, neutrophils, Ivmphoevtes, and 
plasma cells Cellulai products of destruction and lepan mar be present ruth 
hpophages and other pliagoevtes Otani and Ehrhclf c and Green and Farber" 
feel that, in the late stages of the disease, eosinophils tend to disappear and 
theie is an mciease in fibiosis and laige mononuclears, and also, m the healing 
stages, large mononuclears mar undergo r acuolrration and appear as lipophages 
Still latei in the process, granulation tissue is leplaced br connectire tissue, 
rvhich mar be com ei ted into bone 

The etiologr of eosinophilic granuloma of bone is unknorvn It is felt to 
be inflamniatorr, but no mal 01 bacterial cause has as ret been demonstrated 
Pieeeding tiauma has been elicited in the histones of some patients, but it is 
probablr more coincidental than causatire A functional disorder of the supra 
lenal coitex has been suggested hr Fiischkneeht, 30 because he obsened in a 
child with eosinophilic gianuloma of bone, familial hirsutism, increased sodium 
and eholesteiol in the blood abnormal sugai letention, decicase in ciiculatin? 
eosinophils, and adranced ossification of carpal bones 

Of 189 patients so fai lepoited, 119 rreie males, 48 rreie females, and the 
sex of 22 patients is not listed A distorted sex ranation might occur m the 
literatuic due to icports of mam male patients fiom the armed foices Tct, in 
a senes of 10 ehildien reported br Giecn and Faibei 41 in 1912, theie mere 
males and 1 female The age distribution, the lelative fiequencr of single and 
multiple lesions, and the oecunence in ranous bones aie giren m Table II 

Local favmptoms and signs rnll ran rridelr depending on the location of 
the lesion, rrlietlici single oi multiple, and the dcgiee of direct mrasion of sur 
rounding tissue 3rultipIo lesions mar be piesent and ret onlr one mar Ih 1 
giving use to symptoms Theie mar he local pain and tenderness ruth some 
swelling and eyen fluctuation suggesting abscess Inr olr cnicnt of skull lmncs 
mar cause ranous distuibances of the ceiebial eortex or extension of the dm 
ease into the middle ear 02 mastoid piocess 10 4 " 1< ” acccssorr nasal sinuses 1 " or 
orbit 13 Lesions in the maxilla or mandible mar cause destruction of tooth 
buds or loosening of teeth alreadr erupted ruth a syndrome suggesting chrome 
gingmtis 02 10 ° Vertebral lnrolvement mar, hr dneet extension, result m 
spmal coid disturbances 61 Oiamilomas m the long oi flat bones of the extrenu 
tics, chest pcluc or shoulder gmlle mar result m limitation of motion or pntho 
logic fractures - 2 

Srstennc distuibances aie usual!\ mild and mar include malaise slight 
weight loss, slight feroi, and occasional)! leukoertosis Anemia has hern re 
ported in one child, probably the result of x-iar therapr 41 Eosinophilm, r a rune 
from 4 to 12 per cent, Ins been described hr mam nulbors although Frisch 
knecht 20 cites one instance of a decrease in cudilating eosinophils Lichtenstein 
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y ICQ Pi'prrx'rc 


Skull 

102 

Single 

132 


51 

Multiple 

42 

Femur 

31 

Not Stated 

15 

Feins 

24 



Mandible 

18 

10 

Kot Yet reported on 

tnrsals, 

Vertebra 

14 

cnrpals, patella, ulna 

or phn 

Scapula 

12 

langes of toes 


CInncle 

8 



Tibia 

7 



Radius 

3 



Fibula 

2 

Males 

119 

Sternum 

2 

Females 

48 

Metacarpal 

1 

Not stated 

22 

Metatarsal 

1 



Phalanges of hand 

1 




Under 10 years 

62 



10 19 

44 



20 29 

3S 



30 39 

17 



40-49 

8 



50 59 

3 



Not stated 

17 



and Jaffe 64 descnbe bone marrow biopsy in one patient showing an increase in 
eosinophilic mvelocvtes and young eosinophilic granulocytes to compnse almost 
15 per cent of the total marrow cells Kipp and Fishei 1 ' 8 describe the piesence 
of large multinucleated histiocytes m the sternal bone marrow of a 22-ieai-old 
woman who had an eosinophilic giannloma of a nb, the large cells m the 
sternal marrow being structurally- identical with cells seen ui the nb marrow 
adjacent to the granuloma All other studies on bodv fluid constituents such 
as calcium, phosphorus, cholesterol, cholesterol esters, blood lipids, unnahses, 
and phosphatase hay e been described as within normal limits 


The x-rav appearance of eosinophilic granuloma is that of a small 01 large, 
irregularlj destructne, radiolucent zone, with oi without periosteal reaction', 
bone consolidation, or pathologic fiactaie In flat bones the lesion is usuallv 
cireumscnbed, sharply delineated, 01 punched out In the ribs theie mav be 
destruction with expansion of tire cortex, perfoiation, pathologic fracture, peri¬ 
osteal new bone formation, and thickening of the or erlyrng tissues The differen¬ 
tial diagnosis includes all the neoplastic and inflammatory diseases of hone 

The course of untreated lesions ranes gieatlv They may progress at 
yanous rates, stop at any stage lemam stationary, or recede and heal slowly 
and spontaneously by fibrosis and reossifieation, leaving no trace in subsequent 
x-ray examinations Some do not heal, and eien though smgle or multiple 
granulomas have been observed over periods of Years to lemaur stationary 40 
they apparently do not harm the patient’s general health saie by local invasion 
of surrounding tissue or pathologic fractures 

Accurate diagnosis cannot be made without biopsy, and a smgle lesion 
may be biopsied or excised, depending on its location If the lesions ave mJZl 
biopsy or excision of one or more will establish the diagnosis and m Pl ' 
ablv be assumed that the other lesions are identical ? ; reason- 
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Recommended methods of treatment consist of euiettage 01 excision, with 
01 without x-iay theiapx Biodv and Gillespie 15 descube the use of adrenal 
coitieotiopic hormone m a 24-xeai-old man xnth eosinophilic granulomas in the 
mandible, femur, pelvis, and lumbai xertebiae Use of the drug was followed 
bj fexer and an increase m pain, it was stopped aftei 600 mg had been gixen 
X-raj therapx was then used and did aid in alienating the patient’s pain 
This patient also had transitory infiltrations of his lung fields Henderson and 
Thompson 00 described the use of adrenal corticotiopie hoimonc in a 32rear 
old man with an eosinophilic granuloma of the mandible associated with pul 
monarx infiltrations Fifteen milhgiams of the dmg was gnen eterv six horns 
foi four daxs No undcsiiable effects occuired, but no benefit lesulted, and 
no change xxas noted in the appealanee of the lung lesions In roentgen exam 
inations X-iax therapx to the mandible oxei a penod of fom months was 
followed by healing of the lesion m the bone No \-iay therapx xxas gnen to the 
lungs, and the pulmonarv lesions remained unchanged, although the patient 
felt entirely well at the time of the repoit 

Biopsy or curettage max oi max not be folloxxed bx healing Some haxc not 
healed aftei euiettage, and xet other undistuibcd and untreated lesions in the 
same patient liaxe healed spontaneously 101 Some gianulomas of the skull, un 
healed after curettage, liaxe lequned subsequent insertion of piosthetic skull 
plates Ponseti 0 descubes nonhealing of a granuloma of the femur in a 46 
xear old man one jeai folloiving euiettage and insertion of a bone graft N rax 
theiapx xxas then gnen, aftei one month, during which the patient had sustained 
a pathologic fractuie at the site, a large defect xxas still piesent, and the leg 
was amputated The patient xvas described as xvell five x cars aftei amputation 
Michael and Noicross ' 2 descubed improvement in a 21 -year-old man following 
lannneetomx and \-rav theiapx foi eosinophilic gianuloma mxolxing the ninth 
and tenth thoiacic xertebiae, the lesion haxung mxolxed the spinal cord xnth 
resulting xveakness of the legs and sensorx loss up to the lex el of the tenth 
thoracic segment It xvould appeal that surgerx should probablx be limited 
to that necessaix for Inopsx, to correct defoimities such as pathologic fractures 
or to reliexe damage done bx direct mxasion of surrounding tissues 

Most authorities feel that \ lax theiapx should be used, although there is 
little unifomntx of opinion lcgaidmg its efficacx oi the technical aspects of 
its use Response to mediation xaries gicatlx Some lesions liaxe slioxxm an 
initial increase in size xxlulc being madiated and liaxe then sloxvlx healed Some 
patients liaxe dexeloped nexv lesions xxlulc the oiigmal ones xxeie being irradiated 
In Green and FarberV group ot patients tieated xvith loentgen irradiation, all 
xvere reported as healed within nineteen months Coolex and Cailson " 0 report 
one instance of a healimr penod of thiee and one-half 3 cars following x rax 
theiapx 

Therapeutic icsults following small infiequent doses of 11 radiation seem 
to be about the same as those following largei, moic ficqucnt exposnies Dundou 
Williams, and Laipplx 25 icport xanations m total dosage from 400 to 500 r 
(mi) to 1 200 to 1 bOO r (an), usuallx gnen m dixided doses of 200 to 300 r 
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dmlv or even monthlv, and these regimes have been followed bv complete healing 
of skull lesions m from five to nineteen months Hamilton and his associ te 
treated sis patients bv combined surgical (biopsv 01 curettage) and roentgen 
therapv, nsmg a 220 kv machine and the following factors 220 ki lo Ha , 

05 to 10 mm C\i plus 10 mm Al filter, H VL 00 to 1 3o Cu oO cm TSH 
Dosaee varied trom 150 r everv other dav to three times a vreek or 200 r everv 
dav or everv other dav and the portals mere of adequate size to coi er individual 
lesions or involved areas Thev felt that x-rav therapv helped to relieve pam 
and that it decreased limitation of tnnction in an extremity wheie function 
had prenonslv been lmuted but that subsequent x-rav studv did not shorn a 
greater or earber desrree of bone repair m inadiated areas as compared to noii- 
irradiated areas Green and Farber 43 desenbe two tvpes of irradiation with 
similar results trom each (1) 160 kv 5 Ha 40 cm distance 4 0 mm Al 
filter giving 400 r for two doses on successive davs or successive months 
(2) 160 kv 5 Ha 40 cm distance 0 25 mm Cu and 1 0 mm Al filtei giving 
a total dosage of 1500 r over a srx-dav period 

Ham patients have been reported who ha\e eosinophilic gianuloma of bone 
associated with various pulmonarv infiltrations 3 34 40 59 " A much larger 
number of patients has been described where pulmonarv eosmophilie infiltrations 
have sometimes been associated with eosmophilia m the peripheral blood but in 
the absence of bone lesions =' 30 " 103 The relationship between these two groups 
of patients is unknown In Brodv and Gillespie's patient 35 mentioned pre- 
viouslv sofienng from multiple eosinophilic granulomas of bone with pulmonarv 
mfiltrations the bone pam was apparentlv worse following administration of 
adrenal eortieotropie hormone and no change occurred m the lung lesions The 
patient of Henderson and Thompson 50 derived no apparent benefit from adrenal 
eortieotropie hormone although the svmptoms were not aggravated bv the drug 
Vines and Clark 93 have recentlv discussed the treatment of a woman suffering 
from the eosinophilic pneumonopatln svndrome without anv bone lesions where 
the use of adrenal eortieotropie hormone was apparentlv lifesavms The sig¬ 
nificance of the different reactions of these patients to this drag is unknown 
Discussions of the various classifications of pulmonarv eosmophilia have been 
presented bv Aplev and Grant- and bv Crofton and his associates — 


CVSE REPORTS 

Case 1 E. L., a white man, aged FI -rears was admitted to the Xazareth Hospital, 
Jan. a, mis, with a historv of a painful swelling over the right tenth nb m the midseapular 
line beginning eight week? pnor to admission. There was no historr of mmrv A raw 
examination of the nbs done elsewhere, at this time was reported as negative The swelling 
and pam subsided in a few davs bat some tenderness persisted. S,.v weeks pnor to admis 
7 ^ tDTIlul " orer “ ^ te experienced a sudden severe pam in thm area The Zn 
d^reased m seventv in the following few daw hut some discomfort persu^d for C 
weeks Eepeat a rav examination of the rib? on Dec. 16, 1917, showed an area of rarefarW 
m the po-venor portion of the right tenth nb, with a pathologic fracture prZntZltl) 
Kt the tune of admission, phvsnal examination was completed negative ?ave for mnfl rJ 

s “ 11 ™ «. .< ZT'x 
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FIs’ I —Case 1 Uoentgenogram of ribs mm )o Dec 10 1550 showing destruction of bone In 

rlKrlit tenth rib 



Fip 2 —Cn«*e 1 Microscopic appearance of lesion 
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was 13 -i mg per cent and the blood phosphorus was 2 4 mg per cent These studies were 
repeated and the values were 9 8 mg per cent and 2 8 mg per cent for calcium and plios 
pliorus, respective!) Under local anesthesia with Novocain, a 2 inch segment of this rib 
was resected subperiostealh The patient’s postoperative course uns uneventful Tho report 
of the microscopic examination of the tissue b\ I>r Emmett Cicconc was that it uns com 
patible with eosinophilic granuloma of bom (Fig 2) 


Fig 3 
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ribs was entirely normal save for the surgically produced defect Lung fields at tins time, 
as well as a complete radiologic bone surrey done by Dr John Fetter, were eompletelr 
negative This patient’s general health is excellent six and one half xcars after the resection 
of an eosinophilic granuloma of a nb 

Case 2 —M McT , a white woman, aged 53 years, was admitted to the Nazareth Ihe 
pital on April 26, 1950, with a history of pain over the left, upper posterior chest of 'ii 
weeks’ duration There was no historx of tmuma and the patient had no other symptoms 
X ray examination of the nbs made on hfarch 27, 1950, showed a destructive lesion in the 
posterior portion of the left fifth nb (Fig 3) Repeat x rav examination at the time of 
admission showed that the lesion had progressed (Fig 4) A rax studies of the hidneis and 
the entire gastrointestinal tract were negative A small cervical polxi) was excised and 
histologic examination of this showed it to be a mucocoele of a pedunculated Nabothian cut 
Blood counts on three occasions were normal with 1 to 3 per cent eosmopliilin The urine 
gave a negative Sulkowitch test, and xvas negative for Bence Jones protein on txxo oeio«ion« 
The total serum protein was 9 6 Gm per cent, with albumin 6 3 Gm per cent and globulin 
3 3 Gm per cent The serum chlorides were 580 mg per cent and the calcium was 11 5 mg 
per cent The ba«al metabolic rate was + 3, and blood sedimentation rote was 19 mm in CO 
minutes 

~ —\ T«s Z-r* 'J. /■ 
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Fly 5 —Case 2 xilcroscoplc appearance of lesion 

On Max 3, 1950, the mxolved segment of rib x\ns removed en bloc together xx 1 11 1 th< 
attached intercostal muscles and parietal pleura The patient’s postopcratne cour-c 
uneventful Histologic examination of the specimen bx Dr Emmett Cieeonc showed coun 
plnlie granuloma of bone (Fig ~>) 

\spiritton biopsx of st< rnal marrow dom six months nftcr operation nxealel nermi 
marroxx Complete radiologic bone surxev done in June, Jtot, bx Dr Tohn Fetter xva“ nomi ^ 
«a\c for the surgicallx produced rib defeat N rax examination of the long field' at > 
time was ncgatixi This patient s gmeral In-nltli four xears after the re=ei tion of 
eosinophilic grnnulonu of the rib, is normal in exerx waj 
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StAlMAR!. AND CONCLUSIONS 

1 Eosinophilic granuloma of bone, although possiblv a form of Letteici- 
Siwe s and Hiuid-Sclmllei-Clmstinn s svndromes and possihh ielated to svn- 
dromes vvhcic bone and skin, oi bones and lungs me involved, can occui m 
one oi more sites limited to the skeleton and can mn a ekionic benign course 
iuth complete healing One bundled and eight!-nine such patients lime so 
tai been leported 

2 The finding of a single eosinophilic granuloma in one bone should initiate 
a complete skeletal survev, as w ell as a eaieful seaicli foi am visceral mvolve- 
ment with particulai attention to skin, lnnpli nodes bone mm row, lungs, lnci, 
and spleen oi anv evidence ot diabetes insipidus exophthalmos, oi mental re¬ 
tardation 

3 In all patients wlieie lesions aie limited to the skeleton healing will 
piobablv occui, the outlook imploring with the age of the patient In infants 
and clnldien the prognosis must alwavs be guaided in mow of the possible 
development months to veers later, of Letteiei-Srvve’s or Hand-Schullci-Chris¬ 
tian s svndromes In adults, the prognosis, although better than in clnldien, 
should be guaided against slow or nonlrenlrng subsequent leermences new 
lesions, oi mv olv ement of lungs or skin 

4 Eosnroplulic granuloma of bone rs diagnosed bv biopsv onh Surgical 
treatment rs probablv best limited to bropsv or treatment of sequelae X-rav 
treatment ot lesions rs apparentlv ot benefit m relieving pmn and mav aid m 
repan Its use seems indicated until a bettci method becomes available 

5 Two patients aie repoited each having a solitaiv eosinophilic granuloma 
of a rib Both patients me now entneh well, four, and si\ and oue-lmlf arm's 
lespectrvelv aftei leseetron of the involved nb segments 
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A MANEUVER FOR EXTRACTING CLOTS PROM THE ATRIUM AT 
THE TIME OF MITRAL COiBHSSUROTGMA' 

With Reports oe Four Consecutive Cases 

William L jAvnsox, MD* K V S Rvo, I Sc , MB , B S ,** vcd 
C P Bailee, MD *** 

Philadelphia, Pt 

T he suigieal treatment of mitral stenosis In cominissmotorm lias become 
well established in the last few tears Ovei 1,000 operations have been pel- 
formed at this Clinic alone 

The usual technique of performing the eomnnssurotoniv is to enter the left 
atnum with the right index fiugei through an incised men in the left aitnculai 
appendage that has been pieviouslv enclosed In a purse-stung suture The com¬ 
missurotomy mav he performed eitliei with the guillotine knife 01 nieielv hr 
digital pressure, as the case mat be 

One of the most dreaded complications is that of finding a ball tluombus 
in the auiicle attached hr a verv tlnn pedicle and waving freelv m the blood 
stream Vert often these clots aie 3 to 4 cm in diameter and the pedicle gives 
a sensation of tlun tentacles of seaweed with the ball clot attached to tbe end 
of the tentacles 

During anv manipulation of the left aunculai appendage, the left common 
carotid arterv and the light innominate artery are clamped as previously de¬ 
scribed 1 While this techu'que has i educed the hazaid fiom clots as far as 
emboli to the brain at the time of suigen are concerned the threat is still piesent 
after surgery if the clot is not remoi ed In addition, if the clot breaks loose 
at the time of surgery, the embolus mas go to a visceral aiteiv, wheie it mav be 
impossible to remove it, or, if the embolus is laige enough, it mar completely 
block the aortic orifice, causing acute coronarv insufficiency and ventricular 
fibrillation 

We wish to describe a maneuver that one of us has used to lemove clots 
successfully in four consecutive cases during the past six months (W L J ) 
Clots m the left auricular appendage are suspected if the surface of the 
appendage is fibrotic or the size is contiacted Palpation of the appendage is 
earned out with the left common caiotid and right innominate aitenes con¬ 
stricted 
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If the left auricular appendage appears clotted or a clot is palpated in the 
left atnum, the opeiatoi’s left index finger is ungloxed In stretching the glo\e 
fiom the finger tip and amputating the end The use of the ungloxed finger is 
a xerx important part of the technique, as much gieatei traction mar be exerted 
YTe hax e been able to control any postoperative infection bv use of massn e doses 
of antibiotics At the time a clotted atnum is found, the lisk of infection seems 
slight compared ruth the nsk fiom the breaking loose of a large embolus Me 
theiefoie feel that use of the unghned fingei is justified Aftei the clot is 
gently palpated, it is compiessed between the index finger and the atrial 
wall (Fig 1, a) It is then manipulated along the lateial wall of the atnum 
as fai out of the appendage as can be attained without losing it (Fig 1, b) 



Flp 1 —a The clot la gentlj compressed between the ung!o\eil finger l >" 1 ^, l c „raLmiiip 
wnll b Traction Is everted on the clot, and It is manipulated Into the left auricular £*, , ot 15 
A cur\ed Kellj clamp Is then inserted between the Anger and the appendage c, 
grasped with the curwed KeMj clamp b> sense of position 


The assistant holding the Ruiiicl tourniquet is told to loosen the tourniquet 
to its full extent and undei no circumstances to tighten it until the ordci is g>' c " 
In sonic cases, it max be necessarx to tell the assistant to put the tourniquet 
down, as the leflex to tighten it xxhen the second stage of the maneuxer is c' ir 
lied out in ix be xen stiong It is xital xxhen the next step is pci formed that 
the assistant does not tighten the tourniquet 

Whole blood is started at this time and the anesthesiologist is asked to hue 
a pressme apparatus axailable for pumping large quantities m quichl' 
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A cun ed Kellv damp is then inserted beta een the finger and the appendage 
The clot is grasped with the Kellv damp bv a sense of feel the cm red outline 
of the damp nsuallv following the wall of the appendage (Pig 1 b) 

With a quick motion the fingei, dot, and damp are then withdrawn simul- 
taneouslv and no effort is made to damp the appendage A large gush of blood 
ensues (Pig 2, b) The hand at this tune is in supination due to the natural 
maneuver of extiacting the fingei and the dot from the appendage In the 
second between supination and pronation that is almost reflexh carried out 
when the c\ e sees the gush ot blood, it has been oui expenence that am loose 
or unattached dots will wash out (Pig 2 b) Pionation and grasping the 
appendage between the thumb and forefinger aie then earned out No eftoit 
to control the bleeding bv the tourniquet is used as the timing necessarv to gir e 
the two seconds of bleeding after the fingei is withdrawn can be attained onlv 
b\ the operator Contiolling a bleeding auricle In pressure between the fingei 
and thumb is a simple, safe sure procedure, first demonstrated at this Clinic bv 
M T Lacv a resident at the time 





rrn t r rr h - 

unexpected ball thrombus in the auricle g of findin ? nn 
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CA'sE REPORTS 

Case 1 —Airs T, a 40 year old white woman, was referred for possible cardiac surgerv 
on Jan 7, 1954. History revealed that she was reared in Europe until she was 9 wears old, 
and she had no memon of ever having had rheumatic fever Between the ages of 2 and 9, 
she had severe whooping cough, lasting seven months Her heart disease was detected 
twenty two rears ago, when she was pregnant with her only child, in the course of a routine 
checkup She was very sick all through the pregnancy and was under medical supervision 
throughout She was delivered at home Her family physician warned her against having 
anv more children 


She had often felt tired in the past one and one half years and had been aware of 
irregular heart action for the past three years For three months before admission her 
shortness of breath had become more acute and she had developed paroxismal nocturnal 
dispnea and orthopnea Digitalis was prescribed at tins time 

One week prior to admission she had a left hemiplegia, with a verv brief period of 
weakness of the left arm and the left leg, associated with loss of speech She recovered 
the function of speech and tho use of the left arm and leg within about an hour 

Past medical history revealed that, six years before, sbe lmd developed menorrhagia 
followed bv episodes of weakness Sbe consulted a phvsician wbo made a diagnosis of 
fibrotic tumor of tlie uterus Radium was instilled m 1949 X ray treatments were ndmims 
tered six months later In spite of this treatment, menorrhagia and weakness persisted For 
this reason, in 1951 abdominal section was performed and the fibroid uterus was removed 
This brought about the condition of surgical menopause 

Physical examination revealed a tall, thin woman of 40 years, with djspnea on exertion 
Pertinent findings of the chest examination were as follows chest wns asymmetrical with 
Kyphoscoliosis, examination of the lungs revealed normal breath sounds and a few moi Q t 
sounds, examination of the heart revealed the rhjthni to be that of auricular fibrillation 
Blood pressure at the time of admission was 120/SG, over tho apex, a midlate diastolic 
murmur could be heard, pulmonic second sound was accentuated, no other thrills or murmur- 
were detected, and the liver was one finger below the costal margin 

Electrocardiogram showed auricular fibrillation with a well controlled ventricular rate 
and indicated clockwise rotation of the heart 

Fluoroscopy revealed diffuse dilatation of the heart The cardiac contractions npp E3E ^ 
to be diminished, and the silhouette reminded one of an enlarging pericardial effusion 
pulmonary arterv was enlarged 2 pins The barium filled esophagus showed definite ih 
placement posteriorlv, indicating a 2 plus enlargement of the left atrium. 


X ray findings confirmed the findings of fluoroscopy 

Laboratory data contained no contraindication to surgerv Hemoglobin was 
97 per cent, red blood count, 4 97 million per cubic millimeter, and white blood count, J, J 
per cubic millimeter Pohmorphs were 05 per cent, lvmphocvtes, 32 per cent, monoexte , 
2 per cent, eosinophils, 1 per cent, bleeding time, 1 min, IS sec , coagulation time, 4 mm, 
52 sec., prothrombin time, 20 per cent 75 per cent of normal, hematocrit, 42 per , 
blood sugar, 129 mg per cent, blood urea nitrogen, 15 5 mg per cent, total proteins, 0 mi 
per cent, albumin 2 15 Gm per cent, and globulin, 3 S5 Gm per cent Blood Eero ogv 
wns ntgative bv b ni'ermann and Kahn tests Blood txpe wns O, Rh positive Lrinnlv«i« re 
vealed a yellow, dear, acid specimen with specific gravitT of 1 005, a famt trace of albumin, an^ 
no sugar Ainroscopic examination of the urine revealed mam epithclinl cells and G to 


white blood cells per high power field 

Preaneslhetic consultation revealed a blood pressure of 115/SO in the right arm 
Pulsations were felt over the major vessels except tho loft dorsalis pedi» It was felt * m 
when pnpnrcd, this patient would be a fair risk for surgerv, and nccordmglv the following 
prcmedication was suggested Xcmbutnl, !*{. grain the night Iiefore operation >cm m , 
grain two hours preoperativclv, and atropine, grain ] aoo when called to the operating room 
The patient wns to be sent to the operating room with three to four pillow" under her ea ' 
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Preoperative Course -The historv, cteal, eIectrocard.ogr.ph, and a rav 
to a diagnosis of rheumatic heart disease, mitral stenosis, pericardial effusion, ^ncula fib 
Lion, vSh functional capamtv class 3 C The cardiologist felt that ^rej^ a q^Uo^as 
to whether some rheumatic aetmtv was present at this time since a peric observed 

present For this reason, a penod of enforced bed rest was advised She was to be observed 

and digitalized before recommendation of snrgerr at tins tune 

On Jannarv 13, she had developed gradual numbness and weakness in the left arm and 
leg following an emotional distnrbance She also had unexplainable vomiting which was 
refractorv to all measures three davs prior to the onset of this hemiplegia ie episo e o 
hemiplegia was treated bv stellate block performed on the nght side with Metwcame, a per 
cent She was aBo treated with anticoagnlants, hepann and Damlone Bv Januarv 1, sue 
was able to extend her left foot and toes well However, dorsiflexion and rotation of the lap 
were poor The left arm and hand were still weak and movements clumsv 

A conference was held with the Cardiologist on Jannarv 21 It was decided that because 
of the repeated cerebral emboli, snrgerr should not be delaved further As the patient had 
been receiving hepann, this was discontinued on the following dav 

On Jannarv 23 mitral commissnrotomv was performed Pertinent details from the 
operative report follow tYitli the patient in the right lateral position, the left hemithorux 
was opened through the fourth intercostal space The pericardium was markedlv distended 
with straw-colored fluid estimated at 500 c e The pericardium was incised posterior to the 
phrenic nerve. A diastolic thrill was felt over the left ventncle No svstobc thnll was felt 
over the left atnnm ot pnlmonaw veins The mediastinal vessels (left common carotid and 
innominate arteries) were isolated, and umbilical tapes passed around them. The free ends 
of the tape on the innominate artcrv were incorporated in a Runnel tourniquet These vessels 
were kinked durrng such strategic moments as when the operator manipulated the left 
auricular appendage or during subsequent intracardiac maneuvers 

A purse-string suture of No 2 braided silk was passed around the base of the auricular 
appendage The free ends of the suture were fixed to a Rumel tourniquet A Satinskv 
clamp wa* used to grasp the auricular appendage, and a 2 cm. incision was made at its tip 
The appendage was thrombosed The operator s little finger was introduced into the left 
atnnm and the mitral valve could barelv admit the tip Owing to the failure of digital com 
missurotomv, both commissures were cut As the operator s right little finger was withdrawn, 
a large clot apprommatelr 3 to l cm in diameter was palpated lung looselv within the left 
atrium The clot was manipulated to the left atrial wall and was compressed between it 
and the little finger A KeUv clamp was then used to bite the clot, and the fingeT, clot, and 
clamp were withdrawn in one motion The blood loss before the appendage could be grasped 
between the thumb and forefinger was estimated at 300 to 400 c c, which was replaced 

The httle finger was then withdrawn from the left atnnm a3 the pur'e-string suture 
at the base of the anncnlar appendage was tied secnrelv A biopsr of the auricular ap 
pendage was submitted for histologic examination. The appendage was then oversewn with 
No 00 cotton. The pericardium was left open for drainage A ehest tube connected to an 
underwater seat drainage bottle was brought out through the skin over the eighth interspace 
m the midamllaTv fine Sib' four and five were approximated with four pencostal suture' 
The chest wall was closed in lavers and the skm was approximated with a continuous suture 
' “ Sta “ le * s s 1 "* Tare Tte second to the tenth thoracic vertebrae were infiltrated 

Tel rn 2 ° Cmt The Patient withstood the operative procedure 

well. Following recovers- from anesthesia, she was able to move her limbs, although there 
was a transient sluggishness m the movements of her left leg A stellate block on the r.A.t 

™ **»»« -n* p.,™, fen „ 4 », fehjs, rt 

the nght leg In the twentv four hours following snrgerr, L wasTea^T L ! , 
and disappeared in the next twentv four hours Her chLt taLLL LmLd 7 \ 

fortv-eight hours, and the sutures were removed on the twelfth postoperative dav she ° f 

on a. maintenance dose of digitoxm, 0 2 mg once a dav tehra™ P ' d She ^ 

encouraged and phramthcrapv was mst.tuted during the entire ho ^ ** W&e 
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She was finally discharged on Feb 11, 1954, and was advised to take digitoxin, 2 Dig 
once a day 

Case 2 —A 55 year old white housewife was admitted on March 30, 1954, with a quc» 
tionable history of rheumatic fever as a child, and again at the age of 23 years, following 
her second pregnancy At the age of 23 she was told that she had mitral stenosis, and at 
that time she noticed occasional precordial pains not requiring medication Orthopnea lmd 
been present for about five years, and paroxysmal nocturnal dyspnea for two to three year- 
Onset of significant fatigue and dyspnea on exertion was two and one half lenrs ago 
Dizziness had occurred several times but no syncope She had had hemoptysis on two occasion' 
in 1939 She had no definite edema or ascites 

In September, 1953, an apparent episode of congestive failure had occurred, following 
which the patient was digitabzed and given mercurials temporarily Digitalis had lieen 
continued to the present time She stated that she had been given quinidmc onlv once pre 
operatively for her sympathectomy in 1939 She had frequent indigestion but denied a 
cough She described an episode of arthritis in July, 1953, at which time she was given a 
three day period of treatment with cortisone There was a history of possible embolization 
in September, 1953, wnth some symptoms m her left leg, but it was not certain whether thi* 
was central or peripheral Significant associated history was Raynaud’s disease treated with 
bilateral cervical sympathectomy in 1939, and bilateral lumbar sympathectomy in 1940 with 
apparent relief of her mayor symptoms 

Physical examination on admission revealed a blood pressure of 130/70 with ntnnl 
fibrillation Examination of the heart revealed a sharp first sound and an apical nudlnte 
diastolic murmur The pulmonic sound was accentuated 1 plus, the aortic sound was normal, 
and there were no other murmurs 

The abdomen had healed bilatoral transverse lumbar scars and healed suprapubic scars 
with a small central diastasis The liver was palpable one finger below the costal margin 
There were no other masses or tenderness 


Otherwise, the physical examination was entirely normal 

Laboratory Reports —On admission, the prothrombin time was 90 per cent Complete 
blood count, including bleeding and coltting time, was essentially within normal limits Coro 
plote unnnlysis was essentially normal, with a faint trace of protein Total protein w&s 
8 8, albumen, 5 2, and globulin, 3 G Repeat urinalysis showed no evidence of protein in one 
specimen, and 2 plus on a second specimen postoperatively 

Electrocardiogram on March 31, 1954, showed auricular fibrillation with well controlled 
ventricular rate and minimal digitalis effect 

Preliminary x ray showed a circular area of calcification in the gallbladder nren 
X ray of the Chest, Fluoroscopy, and Preliminary Cardiac Studies —The heart wn* 
sliglitlv enlarged, configuration and chamber enlargement wero consistent with mitral “teno"“ 
Postoperative x rays showed moderate pleural reaction and good expansion of both lung field' 
Brachial artery tracing on April 7, 1954, showed no evidence of aortic stenosis or 
insufficiency 

Hospital Course —AYcight on admission was 11G pounds with only a 0 pound lo s on 
mercurial diuretics She was afebrile on admission After preliminary studies were com 


pleted, the patient was brought to surgorv on Apnl 9, 1954 

Pertinent Portions of the Operative Xote —The pericardium was opened approximately 
1 cm inferior and parallel to the left phrenic nerve A purse string suture was plnccd in the 
ba’C of the appendage and attached to a Rumcl tourniquet A < sntin«kv clamp was then apphe* 
to the base of the appendage, and the distal segment of the appendage was opened The Jc 
ntnnl nppendngc contained both old and new clots peripheral to the area cnclo cd bv t e 
Satin«kv clamp After cnrcfullv irrigating and Hushing the distal extremity of the left a n 
nppendage, the ^atinskv clamp was removed for a few seconds, nnd it was permitted to “lee 
As no clots washed out the nuncle was apparently clear Accordingly, a finger was infer c 
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;^LAKECVER T0 r extracting clots 
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clot was evacuated Bleedmg was controlled bv digital cotnpresstoa of the 

the dot was evacuated After this, commissurotomy was earned out bv the 

method, opening the valve from a sue less than a finger tip to cue and one half togerc> ™th 

the production of an estimated 4 c.c. of regurgitation No aortic disease ivas detected by 

palpation. 

Postoperativelv, the patient developed a rapid atnal fibrillation rate up to an 
was given additional doses of Cedilamd She responded well, with the rate remaining around 
100 Blood pressure was well maintained throughout Both lung fields expande we 
There v^ls no significant trouble with. secretion* Intake and output were adequate est 
drain tubes were removed on tbe second postoperative dnv 


Beginning on Apnl 19, 1954, the patient developed a right upper quadrant distress 
and fullness m her abdomen with some tenderness in the liver area. There mar have been 
some enlargement of the bveT, but exact examination was difficult because of tenderness 
All suture^ were removed on April 20, 1954 Eater this dav she complained again of more 
severe abdominal pain. There was some elevation of temperature and some rebound pain 
and referred pain, in the nght upper quadrant Unnalvses weTe essentiaUr normal Plat 
plates of the abdomen tahen on April 22, 1954, suggested calculus m the gallbladder area, 
and cholangiograms were ordered 

Pathologic Peport on Surgical Specimen (April 9, 1954) —Blood clot of Tecent origin, 
anncular appendage, mvocardial fibrosis 

Fluoroscopy postoperativelv showed no evidence of fluid collection. There was good 
mobilitv of both domes of the diaphragm. The nght upper quadrant tenderness subsided, 
and temperature returned to normal range 

The patient was discharged improved on Apnl 24, 1954 


Case 3 —A 49 Tear old white woman, who had had a questionable bistorv of rheumatic 
fever at the ages of 7, 9, and 19 vears, was admitted Apnl 4, 1954. A heart murmur was 
known apparently only the past few vears She had a history of pneumonia at the age of 
34 vear3, and had had dvspnea on exertion for the past ten vears, more noticeably progressive 
during the past two vears. Exercise tolerance was reduced to a limitation of a walk of 
IH; blocks or one flight of stairs She had been hospitalized two years before for congestive 
failure and had been taking digitalis since Mercurials averaged once per week for the past 
three vears She had had no qunudme She had been on salt restnction for two vears Ankle 
edema has been intermittent for two vears She had had a sensation of fullness m her 
epigastrium, hut no definite ascites or hemoptvsis She had had a nonproductive nervous 
cough for some time 


Physical Examination —Blood pressure was 130/90 Examination of the heart revealed 
a c oft, long diastolic murmur with a snapping first sound at the apex. A soft diastobc 
murmur, best heard m the left second third, and fourth interspaces, was extremely faint in 
the aortic area No wstobc murmurs were audible There were a few fine rales at tbe bases 
posteriorly with no wheezes or rhouchi, and no dullness The liver was palpable one finder 
breadth below the costal margin. There was no edema of the lower extremities There was 

,i T1 ' C a ° rta TraS n0rmal m Eize ’ but > at the base » there was a faint rough 
svstohe thrill together with a distinct early diastobc thrill. The heart was enlarged pre- 
dommantlv in the nght ventricle, which was enlarged about 2 pins with the left ventncle 
being sbghtlv enlarged The rhvthm of the heart was regular although the myocardium was 
somewhat imtable on manipulation. The anterior descending arterr vL noted to be tlZZl 
but not hardened The left atnum was enlarged to nbout 2 X Zth ! a™' 3 

larged to about the same degree. The appendage was Mating and was somewhaTdt^d^. 
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Over tlie left ventncle was felt a distinct diastolic thrill, but rncr the left atrium no thrill 
was noted Am changes m this thrill and those palpated o\or the ba°e of the aorta were 
not noted because of hypotension 

Laboratory Findings —Complete blood count, including bleeding and clotting time 0 , 
and serology were normal on admission. 

Bilirubin was 0 1 and 1 minute, total 0 4 Chlorides and sodium acre normal preopen 
tnelv In postoperative blood counts, red blood cells and hemoglobin yyere within normal 
limits 

Urinalysis showed proteinuria, but repent blood counts were within normal limits 
X rays Preliminary- cardiac studies indicated left atrial and right ventricular enlarge 
ment consistent with acquired mitral valvular disease 

Electrocardiogram on admission revealed atrial fibrillation with well controlled ventneu 
lar rate Digitalis effect a as present There was suggestion of right ventricular hypertrophy 
and strain 

Brachial artery tracing y\as performed on April 22 and showed an anacrotic notch, and 
some delay m svstole suggested some degree of aortic stenosis 

Surgery yvns performed on April 26, 1954 Pertinent points follow Findings showed 
the pulmonary artery yvas enlarged about 3 plus 

Operative Procedure —The pericardium was incised anterior to the phrenic nerre to give 
a better exposure of the left ventricle for the aortic dilatation The left auricular appendage, 
was then purse stringed with No 3 Anacap silk on an Atraumatic needle and was then 
opened in the routine manner At this point, the organized clot already mentioned yvas noted 
and after freeing some parts of it, tho left atrium yvns flushed adequately to get nd of 
whatever thrombi could be flushed out. At this point, the finger yyns inserted and tho mitral 
valve was explored As proyiously mentioned, the mitral valve opening was less than a finger 
tip in size -Vfter digital pressure, the anterior commissure was split, giving a resultant 
opening of lht fingers As previously mentioned also, a 2 cc regurgitation was felt po 
tenorlv before the mitral commissurotomy There was a resultant 4 c c regurgitation in the 
same area after the procedure Following the commissurotomy, the examining finger felt 
a large fresh thrombus in the left otnum, which was carefully removed bv clamping with 
a long curyed forccp and pulling it while the purse string suture was fully loosened m order to 
flush it out together with some free thrombotic particles 

Tho patient’s blood pressure then dropped to SO svstolic by pnlpitaton methods ">th 
the puhe hardly perceptible In the meantime, the purse string suture was tied, and H |P 
nppuidage yyns held from lining oversewn until nftcr aortic commissurotomy As soon a« 
the blood pressure rose to 110 systolic with corresponding improyement of tho pulse the left 
ventricle was purse stringed about its apex yyhere a dimplo was folt After making n 'O' ’ 
inusion in the purse stringed area, the beaded wire was inserted way beyond the aortic val' c 
as felt bv the left thumb and index fingers at the base of the aorta The incision yvns then 
widened by further slitting yyitli the knife, and the war head of the aortic dilator yvn° m 
sorted beyond the aortie annulus Then, the ynlye yvas dilated three times by opening the 
aortic dilator The dilator yvns then pulled out and the myocardial incision was repaired with 
mattress sfitehcs of Xo 000 eotton 

Incidentally, before the insertion of the dilator, two cross stitches of Xo cotton wen 
placed oppositi each other Iieyond the line of the pur«e string These cro°» stitches were 
utilized during the closure of the mvocardml incision Remarkably this helped to prevent 
bleeding ns usually encountered during the closure of the myocardial incision Following the 
repair of the mvoeardium, it was noted that the heart was beating very feebly and sloivb 
At the same tame the pul°c wn° noted to lie CO per minute while the blood pressure was about 
SO svstolic The left auricular appendage was then oyersewn and preparation to clo°e the 
clie't is rapidly as possible yya-s made in order that tho patient could be turned on her back 
for the improvement of her pulse and blood pressure Hemostn«is was noted to lie adequate 
is the i host cavatv was flushed with saline A thoracotomy tube was inserted in the ninth left 
lateral interspace and the ribs were approximated 
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The chest was qincklv closed As =oon as the patent ecus tamed on her back, some 
improvement m her blood pressure and pulse was noted, and she was returned to er 

m fair condition. „ ^ 

Fostoperatne Course -After mrgerv, the temperature spiked to 101 F «***' 
returned to a normal range br the seventh postoperative dav Her po. ~ e 

estremeh uneventful with the exception of slight abdominal distention. Chert tu - 
removed bv April 2S A few basal rales persisted, but cleared fairlv well on coughin D 
patient had a good aortic second sound postoperativelv with a verv soft svstolic murmur m 
the aortic area on the left No mitral murmur was present A verv earlv diastolic muraur 
became audible in the pulmonic area. The aortic second sound remained good throughout 
All sutures were removed bv Hav 7, with the wound healing well Because of a slight weight 
gam the patient was given additional mercurial therapv 

She was discharged improved, on Hay, IX, 1954, with instructions to continue digitalis 


Case 4— A 3 S vear-old white woman was admitted on Julv 2S, 1954, with a history 
of known heart disease since her first pregnanev seventeen vents before with pTecordial pnin, 
hemoptvsis, shortness of breath, and fatigue The heart murmur was detected nine years 
prior to this present admission Since Januarv, 1954, she had hemoptvsis and ankle edema 
on several occasions She had three-pillow orthopnea and, for the past seven rears, dizziness 
on several occasions She had been on digitalis since H*44 There was nothing pertinent 
m the f amil y historv, but the father died of canceT of the liver 

Phvsical examination revealed a well developed, well nourished woman who appeared 
in no acute distress at the time of admission. Pertinent findings in this phvsical were 
confined to the chest The chest was of normal configuration It was svmmetncal with equal 
expansion in both sides Examination of the lungs revealed normal breath sounds and no 
adventitious sounds Examination of the heart revealed auricular fibrillation with a rate of 
90 per minute The pulse was SO per minute and the pulse deficit was 16 beats per minute 
The blood pressure was 120/SS The svsterwc review was negative On auscultation, there 
was a sharp mitral first sound with a mid-diastolic murmur at the apex There was a slight 
•wstolic murmur over the aortic area, with a good aortic second sound 

Fluoroscopy revealed a slender thoracic cage with clear lung fields, a 2 plus heart of 
mitral contour, no calcification in the aortic or mitral areas There was a 2 plus outflow 
tract of the right- ventricle The left atnum was enlarged 2 plus The pulmonarv arterv 
segment was 2 plus enlarged The peripheral pulmonarv vessels were not engoTged verv much 
X tuv studies confirmed findings on fluoroscopy 

Laboratory data contained no contraindications to surgery Hemoglobin was 12 1 Gm , 
white blood count, S,500, polvmorphs, 60 per cent, lvmphocytes, 29 per cent, eosinophils, 1, 
stab forms, 2, hematoent, 43 per cent, bleeding tune, 1 mm, 15 sec , coagulation time, 5 
mm , 25 sec., blood serology, negative, blood type, B Bh positive, blood urea, IS mg per cent, 
total proteins, 7 2 Gm. per cent, albumin, 4 S Gm. per cent, globulin, 2 4 Gm. per cent, and 
unnalvsis, vellow, acid with specific gravity at 1 035 and a trace of protein but no .4gar 
The patient was digitalized for surgery and was fibnUating prior to surgerv 


At the medical conference on July 30, 1954, a mitral commissurotomy was approved. It 
was felt that after the mitral valve had been opened, the aortic valve should be palpated to 
ree if significant aortic stenosis was present If this was slight, as seen on the brachial 
urten tracing ana accompanied bv a faint aortic svstolic thrill it might be bert left alone 

cancel HT' Tu * eheMea for ™ Aug 2, 1954, but the operation was 

sedimentation rate ^dhTd T®’ pre!ence of S0IQe so fF- lT ™ her nrrne, and an elevated 

-~ — — 

«» P “*»■» >° 
placed around the base of the left auricular appendage and the aniLT, ^ ?Uhlre ™* s 
old healed thrombus was removed from the auricular appendage In adLZ thTsrtmstv 
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SUMMARY 

1 A maneu\ cr for extracting a pedicled ball tluombus from the auncle is 
presented This maneuver is comprised of three parts (1) compressing the clot 
between the ungloved index finger and auncle, (2) extiaction of the clot by 
finger traction and giaspmg with a Kelly clamp, and (3) getting nd of any 
loose pai tides by allowing the undamped auncle to bleed freely dunng the time 
between pronation and supination of the hand 

2 Use of the fifth finger m entering a small or thiombosed appendage is 
described 

3 Application of the hemostatic cardiac mattiess sntuies to the perform¬ 
ance of aortic commissurotomy is described 
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ADDENDUM 

Since this article was submitted for publication, four oonsecutnc additional cases have 
lx on operated oa succesxfullv using this maneuver to extract the clots from the atrium, until 
no deaths or complications from emboli 



GAS YOLtDIE CORRECTION TABLE FOR CARDIOPULMONARY 

LABORATORIES 

John* C Kovach, F C C P , Peter Paulos, M D , .and Const vvtike Arvbvdjis 

New York, N Y 

I N THIS communication the authois hope to save rmestigators m cardio 
pulmonan laboiatones much tedious laboi m their daih calculations hi 
laving before the leadci a table of collections of gas volumes from various 
spirometei tempeiatures to bodv tempeiatures of 36° C, saturated with water 
aapor and at ambient barometnc pressures 

Be the simplest mathematics one can deduce the following equations from 
the elementan gas law to conect foi tempciaturc lanations m a dn gas 

Y t = (1+0 00367 T) Y 0 

tliercfoie 

V = _li_ 

° 1+0 00367 T 

Y b = (1+0 00367 T b ) Vo 

substituting foi Y 0 

v _ 1+0 00367 T b „ , . . 
b 1+0 00367 T 1 U ’ 

"Where 

Y, «= aolumc of a drv gas at spirometer temperature °C 
T ■= spirometer temperature °C 
Y 0 = volume of gas at 0° C 

Y t , = volume of gas at body temperature of 37° C, dr\ 

T b = bodv temperature 37° C 

Sintc the gases m both the spirometer and lungs are considered to be 
saturated with watei iapoi and since the \apor pressure of water is different 
at spirometer and bodi temperutuies equation (A), corrected for this water 
\apor pressure difference becomes 

_ (1+0 00367 Tb) (P-P.) r 

' tl-^0 00367 T) P-P, b ‘ 

"Where 

Y *= \olumc of saturated gas at ambient pressure and boda temperature 

P = ambient barometric pressure 

P t = water vapor pressure at spirometer temperature 

P tb *=- water vapor pressure at bodi temperature 


fnm th of Cnr liopulmoriAO ^uro ry Trlboro Ho pltnl Nh\ 

K'oixt*'! for rubllontion \\ic 2" 
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Therefore the correction factor F by which the obsened tolume of net pat 
at a temperature T must be multiplied m order to gne the conected \ olume it 
bodi temperature of 37° C, satmated, and at ambient piessuie is gncn h\ the 
exp i ession 

= (1+0 00367 T„) (P-P t ) 

1+0 00367 T P-Ptb 

Table I has been calculated to gne this coirection factoi for baioriictric 
pressures langmg from 640 to 7S0 mm Hg and foi tempeiatuies langmg fiom 
15° to 30° C 

SUMMARY 

A table of collections is piesented to comeit lespned an lolumcs to tin 
\ olume at bodi temperatuie saturated and at ambient piessuie 



THE USE OF EVANS BLUE TO OUTLINE THE COURSE OF THE 

THORACIC DUCT 

Keith ^Merrill Jr jM D 
Bkookltxe Hass 


a N INVESTIGATION of the more recent literature on clnlotliorax 10 8 18 
icreals onh two human cases'* 13 in which a die was used to coloi the Ivmph 
and vn onI\ one instance was it employcd to facilitate the closure of a leaking 
thoracic duct The practical \alue of a quick, effeetne, and simple method of 
outlining the course of the tlioiaeic duct is emphasized h\ the possibility of 
accidental division ol the duct during esophagectomy, thoracic sympathectomy, 
lohectonn, suigeri ot the gieat yessels and ladical dissections of the lower neck 
The probability of serious consequences following posttiaumatie chi lotliorax 
lias been yvell described by otl ei authors 1 ir 

Repoits m the recent surgical hteiature on the management of posttraumatic 
clnlotliorax show that when oouseiratue treatment by aspiration, drainage, and 
suction is unsuccessful surgical intcryention is far less hazardous than formeilx 
Cases m which the thoiacic duet yeas successfully ligated linye been de- 
scubed, and the ciitena for surgical niteryention base been presented 13 ’* 
Usually after accidental dmsion of the thoracic duct, the yvaten fluid 
coining from the proximal end is easily obsened There are exceptional cases, 
howeyei m which the source of the leak is extremely difficult to find It is 
desirable, therefore to determine yyhat dye could facilitate the surgeon s find¬ 
ing s leak in a ruptured thoracic duct 

While imestigntmg the possibility of using dyes m the laboratory to ont- 
hm the course of Emphatic \essels y\e learned that fat-soluble and yvater- 


solublc dies had been used ‘ 11 Crandalk fed 250 mg of Sudan IV (D6) 
in 50 c c of olire oil to a patient with a thoracic duct fistula, noted the appear- 
uko ol a faint red tinge m the drainage after a latency of an hour and a half 
and obspned the deepening and fading of the color oyer a period of approxi¬ 
mately six hours Lee’’ noted a staining of the thoracic duct after an equal 
1 itcnox wlnn he fed the same die m cream preoperatireh 1o cats We dis 
i itded this nuthod because of its latency and the pool contrast oftued between 
the lymphuus and tin stunt urcs surrounding them 


V c studied Ly ins Blue (T 1S24) (1)56) a water soluble 
h' Drinker and 5ofie\ to outline lymphatic yessels A 1 
solution was tested m the laboratory in the intrayenous 
tutnp«riton<,il routes (set Table 1) 


nontoxic dr e used 
pci cent aqueous 
subcutaneous, and 


The 1 per mil iqueous solution of dre was made with distilled 
w lUr and put up in stirilc gl iss liuptihs containing 2 c< eaih 


py rogen free 


l\M tot publlrttlon \up 3D it> d < 
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Tvcie I Lcbokatoki Findings, Using E\ans Biue Die to Outiinf the Thoracic IIict 

AND P\RAAOPTIC Ll Mi'll \TICS 


FOLTE OF AD 
MIMSTP VT10N 

NO Oi 
VMM VI S 

TIMF UNTIL 
DVE VP 
PEATED IN 
THOR VCIC 
PL CT 

DLT VTION 

OF ST VIN 
I\G OF 

thoracic 

DLCT 

OPTIMAL 

DOSE 

COI OI OI m CT 
licht | dwk | Nosr 

Subcutaneous 

s 

2 3 nun 

12 nun 

0 5 to 10 

S 

(in lower leg) 
Intravenous 

17 

1 7 hr 

1 Ur, 10 

mg Ag 

3 mg Ag 

o 7 o 

Intrnpentoneal 

1 

10 mm 

nun where 
obsen ed 

1 hr 

3 mg Ag 

i 


We found that to administeung 0 5 to 1 0 mg pei kilogiam ot boch n% eight 
siibcutaneoush m the lowei leg of dogs, cats, and monkeis, we successfulh 
outlined the thoiacic duct in all cases, and decided to use this method in tun 
human cases 

DISCI SbIO\ 

It is well Known that the walls of the hmphatie capillanes aic pcimcnble 
to ccitain dies" and Eians Blue is thus absoibcd into the hmphatie sWun 
as a foieign substance camed to the thoiacic duct, linked to the albumin fine 
tion ot the seium piotcms, and exeieted \ia the gall bladdei 

The use of this dee in 1 pei cent aqueous solution injected subcutaneoush 
into a lowei limb to outline the thoiacic duct has been uimcrsalh succcsstul 
m oui hands if cither the duct oi one ot its maioi tilinks was not ligated It 
was found that an effecti\e dose was 1 mg pei kilogiam ot hod\ weight, beioml 
this dosage theie was dangei ot pioducmg widespread staining of the animal 
In the human, doses of 0 7 to OS mg pei kilogiam pioied adecpiatc We fee! 
howeiei that a total dose ot 25 mg should not be exceeded because of the 
possibiliti ot deep, widespicad staining ot the patient s skin 

The achantngcs ot this method aic (1) leliabihti of the pioeeduie, {-) 
ease ot adnunistiatioii (3) good coloi contiast between the thoiacic duct mid 
suiiounding stiuctuies (4) slioit latum between injection and appearance in 
the thoracic duct, and (5) the rapid fading ot the stain fiom the injection site 
within approNimateh eight weeks aftei injection 

Beans Blue was used successfulh m two cases In one it helped to usuahra 
the leak m the thoiacic duct In the othei it deteinuncd whether or not the 
thoracic duct had been piopcih ligated aftei dmsion A thud application of 
this technique would he the anticipitoi\ outlining ot the thoracic duet to help 
the operatoi to o\oid damaging it in dissection imohiiig the esophagus tin 
thoracic scmpathetie chain the gnat tcsscls the lnla of the lungs, and stiurtnris 
at the base of the neck 

si mm un 

The practical appln it ion of a quick simph uid eflcctiu method of out 
lining the thor leic due t m cNpei nncntal uiimals and p iticuts lias been described 
Two lilustritne cases one ot icco\er\ fiom tiiunutic chi lothora\ following 
suceesstul ligation of the thoracic duct base lie* n cited 
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OPERATIVE CORRECTION OF COARCTATION OF THE 
AORTA IN INFANTS 

Report of Two Cases 

George R Minor, M D , McLemore Birdsong, M D , Buchanan McK u, MD, 

and James P B vker, M D 
Charlottesville, Va 

I N THE lecent liteiature theie liave been a ntimbei of repoits of operatne 
repan of coarctation of the aoita in infants 1 ' 7 The optimal nge for dcfini 
tn e opei ation is unquestionably the second decade of life 9 It should he cm 
phasized, howexer, that since some infants and jonng clnldien Mill die of 
cardiac failure long before they leach the optimal age, concern for the fnle 
of an earh anastomosis should not preclude an opeiation of immediate and 
vital impoitance The following ease reports confirm the obsenation that 
this condition is not an uncommon cause of eaidiac failuie in infants and 
demonsti ate the impiovement which may follow surgical repair of the defect 

C VSE REPORTS 

Case 1- — J A S, No 36S093, a white male infant, was admitted to the University of 
A lrgima Hospital Doc 29, 1953, because of rapid and difficult respiration 1 * nis mother 
had had no complications during pregnancy or delivery His weight at birth was 3,fd s 
grams When he was six weeks of age, the family first noted an inspiratory retraction of 
the lower costal margins and, in addition perspiration about 1ns head, but not elsewhere 
On admission to this hospital, the physical examination revealed a well developed anil 
well nourished but very irritable 5 month old infant with n large asymmetrical head men* 
tiring 43 cm in circumference The area of cardiac dullness vvns increased, a moderate 
degree of inspiratory retraction of the lower end of the sternum yyns observed, and an 
occasional wkec7C was present Roentgenograms of the chest revealed a marked mcrea* 
m the cardiac size, the cardiothoracie ratio being 07 per cent (Fig 1, I) An olertrocardm 
gram revealed a cardiac rnte of 150 per minute nml a PR interval of 0 10 second, as well 
ns T vvn\e changes consistent with left ventricular strain The femoral pulses were nl)*eat 
nml the blood pressure in both arms was 140/90 mm Hg The liver wns palpnble thru 
fingerbreadths below the right co«tal margin Examination of the eve grounds revenh 1 
normnl fundi The urine was sRphtlv cloudy with a pH of 7 5 and examination for sugar, 
nlbiimm and formed elements was negative The hemoglobin wns 105 Gm per 100 r r 
and the hematocrit wns 3G per cent The white blood cell count wn« 12,800 per cubic milh 
meter and the differential white count wns normal 

Threi dnv s after admission the child had n rise in temperature to 102° F rectallv nnd 
was found to have n left otitis media which required chemothcmpv and subsequent 1" 
ringotomv Yngiocnrdiograms done under sodium Pentothnl anesthesia, revealed a normal 
nortie nrch nnd brncliiocephalii vessels although the arch ended rather abruptly 1 elow 
the origin of the left subclavian artery Vo lower nortie segment could be vi«uali7< 1 
(f-ig 1 /* I Tin previous limit'd di ignn«is of cn ire tut ion of the aorta set mod to 1“ rn,; 

tinned 

t-roni tti ESpartnungs o' ‘siircer> I Thoracic) and Pediatrics t nlv rritj* of \ Irplnt 1 
School of Medicine Chnrlottesy lllc X n- 

Kee-elved for publle~itlon Vug 30 ]0 | 
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csvm temperatures taken with n thermocouple are recorded in Table L 
On Jan. F> Wi the patient was taken to the operating room Following induction 
u.th cyclopropane anerthes.n was maintained in a superficial pane wathnn endotraehta 
mixture of ether xapor and osvgen The cardtac action was followed -' ^he Oam milge 
rard.oscope* During the operation the blood pressure ranged from 200 to UD » Hg 
.vstohe and 100 to 90 mm Hg diastolic After the chest had been opened throngh the 
fourth left intercostal space retraction of the lung antenorlv disclosed an obvious vascu 
lar almormahtv in the gutter On d.ssectton of the mediastinal pleura a large left sub 
ilanan artery wa« identified arising far down the descending portion of the aortte arch 



Hi, 1—J V S A Posteronnterior roentpenoftram B Angiocardlofrram in lateral anterior 

ohllnuc position. 


c ovoral large intercostal \e=xeh entered the lower aortic segment, which was separated 
from the upper segment In a marked constriction at the lex el of the fifth dorsal xertebra 
(fig 2) \ palpable diaphragm could be detected at the site of greatest narrowing 

From the midpoint of the coarctation medially, a lignmentum measuring approsi 
match 2 nun. in diameter coursed forward to enter the posterior aspect of the left pul 
monarr arterr The lower segment though of normal size did not pulsate and was easily 
compressible V small bronchial arteri nn»mg from the upper segment just proximal to 
the coarctation was duided between ligatures, as were two large intercostal artenes which 
con'orgid to enter the lower aortic segment posteriorly in its upper 2 cm of length 


Table L Thetmocolple Skin TEMrrnATcrtE Headings (°f ) 
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Mobilization was completed bv dmsion of the ligamcntum nrtcrio'um between ligature' 
Potts ductus clamps were applied protimnlh and dmtalh, and the area of ionrctation «n< 
oxemed Its lumen was bnrcli sutheient to admit the tip of a xihcr probe (Jig ) The 




He “ —Niirr, h ,1 e cm, nt of aorta resect*,! from far* 1 

duetu= i lamp-- "or, thin npproxmi ited and i Miti-fnr tori (ml to end finn*doino>,i- wn *' " 
structed with interrupted eterting mottre ■> Miture* of i>0 “ilL on Jtrauinatie needle* bp 
on i mtioux ri limifil of tin elnmji , wliuli had been in pint e n total of about fort' f" 
minutes, the lower segment became taut and pul'nted strong!' 
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T\blf III Case I (J A. 41 ) Oscillometfic Readings in Units of Oscillation 
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J A S RECORD OF ARTERIAL 8LOOO PRESSURES BEFORE AND AFTER OPERATION 
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The left pleural space was then washed with warm normal saline solution, and the 
lung was expanded with gentle positixe pressure The incision was closed, without pleural 
drainage, with interrupted fine silk sutures At the conclusion of the operation the bale 
had receixed 150 c c of compatible blood The blood pressure wns noted to be 130/SO mm 
Hg and the breath sounds were equal oxer both lungs A strong femoral pube was pal 
pated bilaternlh A postoperatn e roengentogrnm of the chest reienled the loft lung to 
be completeh expanded 

Two days later the feet were warm, and pulses in the lower extremities were ensilr 
palpable (Table II) The sweating oier the head and neck had tensed, the pronounced 
irritability present preoperatneh wns no longer evident, and the infant began to take 
his feedings well Oscillometnc readings are recorded m Table III He wns discharged on 
tho tenth dav after operation (sec Chart I) 

Case 2 —S I B, No 3G0424, a 7 month old Aegro girl, wns admitted to the bm 
rersit} of Virginia Hospital Jan 1, 1 054 because of cough and feier of twenti four 
hours duration Sho had been delnercd m the snme hospital on klm 27, lOII following 
an uncomplicated pregnane! The birth weight wns 3,45!) grams, and no nbnominlitii' 
were noted Sho had had brief internal rendmissions to the bnncrsit' Hospital at 7 
and IS weeks for minor infections associated with dehxdrntion and acidosis, nnd comjih 
catod bj cardiac failure In each instance she wns treated In antibiotics, digitnliration, 



Ftp -t — s \ J l I ostcronnterior projictlon /* \mJocnnlfoprnni Intern! anterior oMW 11 

position 


and correction of fluid nnd electronic bilnme with appropriate tin nipt v ' ,i rm! rooiit„<n 
grams of tlie chest had shown progri"-«ne cardiac enlargement On the pr< sent ndmi“ ion 
physical examination reienled an acuteh ill infant who wns quite small, weighing out' 
12 pounds, ]2 ounces (ISOO grams) Rectal temperature was 101 4’ F , pulse wn» 1< ’ P pr 
minute, and respirations were SS per minute Breath sr )u nds o\er both !ung« were thought 
to be decreased with a tubular qualitc high on the left nnteriorh, nnd vhee7cs were pre‘ 
i nt throughout Hie lncr and spUtn wire palpable one fingerbrendth below the eoAa 
mnrpns Th< blood pri'sure in both arms w is ISO 00 mm Hg Tho femoral pul*e* were 
questionable p ilpable, nnd neither blood pressures nor pul'Cs were obtainable in the Jowir 
limb« V clinical diagnosis of eoan t ition of the norta wns mnde Fluoroscopic an 
riKJitgi nographir i 1- 1 „ 4 I) ex uninntion» rove ib d a wry 1 irge left xentriclc The Id ,rl 
tor' work wns essential!' thi same as on the precious admissions except for a norma 
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On Feb 6, 1954, the patient was operated upon Anesthesia was conducted in a man 
ner similar to that of Case L Bectal temperature was measured by means of a tLercno- 
couplo and maintained between 8S* and 04" F by adjusting the flow of ice water through 
a Davol mattress * A heavy collateral artennl circulation was present in the cxtrnco'tnl 
muscles The pleura was entered through the fourth intercostal space The lung was re 
traded forward and downward and dissection begun in the aren where the conrctntion vn« 
suspected From tho origin of the left common carotid nrterr distnd there was a definite 
hypoplasia of the upper segment Immediately below the origin of the left 'ubclnunn 
arterv, a mild constriction of the aorta was succeeded bt a bulbous expansion This in 
turn was connected with a commodious lower segment by a narrow conrctntion 3 to -J him 
in length (Fig 5) 



Fie 6 


Strong pulsations were palpable throughout the upper aortic segment down to the 
point of true coarctation, below which \<_n feeble pulsations and a strong thrill could 1"’ 
detected The lignmentum arteriosurn left the eoarctated area and coursed «hnrpl' up 
ward and forward into the posterior portion of the flr-t part of the lift pulmonary arten 
This structure wns doubly ligated yyith heayv silk, on diyiMon it appear* d to contain a 
small but patent lumen Thru large intercostal arteries yyert dnidul betryem ligature' 
as they entered the lower «i grai nt, thus allowing “ati'faetory mobilirntion The area of 


• The Dayot Rubber Co Troy Id< nee R_ I 
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SURGERA IK COVRCTATIOX OF AORTA 


m „,.„on and .1. upper it-ml «— I 4 »“' te4 f '“ «““™“tL7 s Z« 

tisane Two Potts ductus clamps were applied to the aorta above and below the coateta 

t.on, which was then excised (Fig 6) An anastomosis, measuring approximately 7 mm. m 
diameter, was accomplished with esertwg horizontal mattress sutures of 5-0 silk on Atrau 
matic needles The procedure required approximately half an hour, and at the conclusion 
strong pulsations could be palpated in the lower segment and the thnll had completely dis 
appeared After Image of the pleural space with normal saline solution the lung was ex 
pandcd by gentle positne pressure and the incision was closed with interrupted sutures 


of fine silk. 

At the beginning of the operation the blood pressure was noted to be 210 mm. Hg 
s) stoltc and the pulse was HO per minute Throughout the procedure the systolic blood 
pressure ranged around HO mm Hg, and the pul*e was between 160 and 180 per minute 
The moderate blood loss was replaced with 100 e c of blood Weak femoral pulses, which 



FIr C—Xarroued segment of norta resected from Case 2 


prior to operation hud been questionable obtainable, could non be palpated Breath 
sounds were equal 0 \ir both lungs SliortK after the child returned to the nurd, strong 
nml full poplitenl posterior tibia], and dor'alis pedis pulses were palpated (Table X) On 
the fir«t postopcrntiNo da\ the rectal temperature reached a peak of 101 O' F but there 
after was within normnl range Comnleseencc was uncomplicated, and she was discharged 
on the tenth postoperative day 

The child was seen as an outpatient April 20, 1914 The mother stated that she had 

the earl'ml o ’ 10en an<1 p,n ' ful Fluoroscopic cxn.mnation suggested that 

the cardtothomeic ratio smaller than ,t had been prcopcmtneli Data from this and 
n sulci quint \iMt are s u „ mm „7ed in Table IV and Chart 31 4 

weighed ,o.o gram, as compared t0 n preoperntne weight of 0 00* o R ® ' B 

wugliid o, 00 gniin. ns opposul to a praoperntne weight of OOV? o" * J * V 8 

was irritable or on-iK U ps e i „n<l it was fdt bi wi ,i ’ ^ Rrnm ' Aeitlicr patient 

tie clnldtin appeared normal m all respects for their ng's^'"" nml ‘' 1C p, ‘' ,u ,an * 
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DISCUSSION 

One of the common causes of caidiac failme m infants is conictation of 
the aorta Eaih fniluie is undoubtedly precipitated by common infections 
processes uhich entail fe'ei, eleyation of pulse, and dehrdiation Indeed the 
tespnatoir signs and symptoms of caidmc failuie mar easily be confused with 
a louei lespn atony infection In addition to these signs, lion e'er the pres 
cnce of hepatomegaly, an ob'ious mciease m the size of the heait itself the 
absence of femoial pulses, and an elevation of aiteual piessuie in the arms 
mil confiim the diagnosis foi the suspicious exammei 

Measmement of the blood piessuie in the infant is not mthouf difficulties, 
it requues consideiable patience since piessuie leadings fluctuate mdelv "ith 
physical activity The “flush”" technique and the palpatory method gne no 
infoimation about the diastolic lei el Foi the auscultatoiy method the small 
est cuff (5 5 by 2 5 cm )® is satisfactoiy foi the lieu bom onh r and "e belie'e 
that the tendings obtained "ith it aie deceptnely high Toi infants up to 1 
y r ear of age a lubbei cuff measuung 5 by 8 cm is moi e tiust" oitliy It should 
be applied snugly and taped in place When the aitei' has been carefully 
located by palpation, auscultation is best done "ith a stethoscope "Inch Ins 
a small bell An oidinary bell-ty-pe stethoscope fiom "Inch the Bnhehte end 
piece has been lemoyed may be lightly applied to the point of maximum pulsa 
tion 

Whethei oi not acute myocardial decompensation constitutes a singical 
omeigeney is a question "Inch can only be settled by longei expci lcnce It 
seems obyious that piogiessne inciense in size of the infant heait due to 
coaictation is ominous, paiticulaih "hen caidiac failuie has occuircd Under 
these cii cumstnnces digitalization and opetatne lepnn seem indicated 

Folio" nig opemtion in each of the abo'e cases, the clinical lchef "as dif 
ficult to exaggeiate Pilot to opeiatioii both infants "eie exceedingly irrita 
ble thin and distiessed by common infections moico'ci both had been in 
caidne failuie on tuo oi moic occasions As eaih as the third post ojici nine 
da' eich child "as lelatnely placid Tncicase in appetite and gain in "eight 
proceeded uninteiiuptedh Despite the disappointingly small leduction of 
blood pressing (Charts I and II) and the slight dcciease in cardiothoraoe 
intio theie has been no fmthci e'ldeiuc of caidiac failure Should oliscm 
tion o'ei the coui-se of seveial ccais establish tint the anastomotic site has 
failed to cnlaigc m piopoition to the adjacent segments a second operation 
nn' c'entuall' lie icquiied But in this e'ent these children "ill ha'c been 
gi'cn sn moi eased period of time m "huh to de'elop adequate collatenl cir 
dilation Tor the time being they aie'asth impio'ed 

coxci isiox 

Two detailed case lepoits h i'c been piesentcd of infants IS and SO v.cds 
of age lispecti'eh in "horn surgical rep.in of coarctation of the aorta has 
been successfully earned out The mdicitions "ere progressne cardiac cn 

*\\ \ Compini Inc CVpIniruf I oni. Jplnn 1 \ ^ 
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largemcnt and repeated mjocardial decompensation Attention lias been 
called to the singulai remission of ceitam symptoms despite the failure of 
marked fall in blood pressnie 

IVc wish to acknowledge tlie assistance of Dr Harold 1 Chase Anesthesiologist in 
Charge, Department of Anesthesiologv, Lnnenitr of A lrgima Hospital, and of Dr Pn 
tricin Andrews, Anesthesiologist, CnnerMti of Virginia Hospital, who administered the 
anesthesia 
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CANCER IN THE THORACIC STOMACH 

R Abbe\ Smith, Ch M , F R C S (Edin )* 

Warwick, England 

T HE dey elopment of caiemoma in a thoracic stomach is unusual and the rc 
coided cases aie, in most instances, cancels of the eaidia m pnitial thoracic 
stomaclis Snnthers, 1 lcnemng the hteiatuie up to 1950, collected ele\en, in 
eluding six personal cases, and advanced three possible explanations for the 
association of the two diseases Since this lenew of the subject, cases have been 
described by Dawson and Richards 2 , Pack, Butlei, and Katz 3 , and Robb 4 The 
incidence of the two diseases occuinng togethei is unknown and their relationship 
to each other uncertain Cancer of the body of the stomach dey eloping in nil 
organ entneh within the thorax is a rantv, and the case to he described lias 
featmes of sufficient intei est to justify its being recoided 

CASE REPORT 

Mrs S S, aged 73 rears, was admitted to the hospital under the enro of Dr R D C 
Johnstone, in Apnl, 1954, suffering from anemia of acute onset Twenty nine years prcviou'h, 
she had undergone a radical mastectomy for carcinoma of the right breast In 1944, flic 
had a repair of an umbilical hernia During the course of this operation it was found that 
she had a paraesophageal type of hiatus hernia The stomach had passed up into the che't 
but could easily be drawn back into the abdomen It was otherwise normnl In new of 
the patient’s age, poor general condition, and tho fact that the hernia had n wide neck, 
it was decided that repair of the diaphragmatic henna should not bo attempted The 
umbilical herniorrhaphy was completed, and the patient made a good recorcry She remained 
well with no symptoms from the diaphragmatic hernia until ten dajs before her admission 
to the hospital She then complained of giddiness and lassitude The patient was will 
nounshed, nctire, and well preserved Apart from obvious anemia there were no phvttca 
signs Tho blood pressure was 170/100 
Investigations 

Blood count Hemoglobin 5 9 Gm per 100 cc (40 per cent), red blood cell', 4,000,000 
per cubic millimeter 

Blood urea 45 mg per 100 c c 

Fcccs Spccto«eopic test for blood positive 

Fractional te't meal Blood present in all specimens No free hydrochloric ncid 
1 adioloaical examination V radiograph of the chest showed no abnormnlitj The 
report on a barium swallow rend n» follows ‘A Inrgc irregular shallow crater anterior mil 
middle third of the thoracic stornni h extending into the prepyloric antrum Po"iblv n 
i hrome peptic ulcer but highly suggestive of an ulcerating grow tin” (lig 1 ) 

It seemed certnin that the source of bleeding was the ulcerated nrca in the 'tnmaeh 
The patient yvns given 3 pints of blood during the first week of her stny in hospital 
without detectable effect on her hemoglobin leycl There was no yomitmg Operation wa« 
advised, nnd a further 5 pints of blood were given in the few dnvs prior to operation ‘die 
wes operated on sixteen days after admission to hospital, with a hemoglobin of 130 tip¬ 
per 100 e c (>3 per cent) 

tt«-o I\ e,l for publication s, pe 3 1954 

•Consultant Thoracic ^iirci-on Thoracic surclcnl I T n11 Warwick Hospital 
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Operation -With the patient t m the ’ from tlie 

boil of the t ejected eighth left nb A - present. Within the sac a 

'"»>»■ lyi'zr STS ™ £■ —”* i "“" i “ h '"’ 

haTd, craggv mail could be f 1 hard ulcer Kb other viseus was present 

r , r 

W W 1 ,„,o the wound or returned into the abdominal caviti with ease, and the 
ofThc duodenum was noted to lie actual touching the last part of the esophagus 



1 la 1 — -The carcinomatous ule. r i* s i > n ns n barium tilled pear tdiaped opaclt> o\erl>lnu the 
rtomuet. shadow at Its pMorlc end twhlch is to the patients left ptdel 


\ fur small glands wer. present m the mescal, n alongside the growth It seemed neither 
ms i ss ;r\ nor d.smil.h to op. n the abdominal m\it\ to continue the exploration or to 
ttl.it the nnistommos aft. r totnl gnstr.iloms Total gnslrectomt wa» performed and the 
. snplmuf* nnaston.o'sl to tin fir-t part of thr duodenum from ahoiu the diaphragm, without 
di v i mu o{ the diaphragm or molnlimtion of the duodenum The esophagus was of normal 
h rigth V two Km r end to end anastomosis using s,lg sutur.s was tamed out, nnd n slectc 
of jsriton.um fashion, d from s l( - was m-.al to Mirround thi« junction The lung was re 
intHt.d and tie rlu *t cln ed without dr umige The «tommh (big 2) was examined 
mom lint 1\ following op. ration Tin liher wns cl.nrh the souru of the Vdocdin" Its 
! is w ,s fall of fmbl. blond .lot Removal of thi« product d a number of areas from 
Whirl. Mood om d No smgl, 1 , .1 <ouhl M found and no other macroscopic nbnormahti 

a .s pr s, nt in tin wl.nl. of the *t munch J 


M 


/‘’n V" mn/Tn'throughout 

’ Xi o\* 1 of bl«oI '1'irini, tlie Jnx of opt. m ion Mu . 


■hK was up m the ward 
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the third dm The test for occult blood m the feces became negative for the fir-t tim 
on the tenth postoperative dm, and the patient ivas dicclinrgcd to convalescence on the 
fifteenth dav A barium swallow showed no holdup at the anastomosis Before and during 
the operation, the patient received a total of J 1 pints of blood 

Pathology —The specimen consisted of an excised stomach some 18 cm in overall 
length At tho distal end there was a large crnteriform ulcer 5 cm in diameter It vra 
firm, had a sloughing bast and overhanging edges There was a carcinoma of tin gmin 
mucosa wlueh infiltrated deeplv into the musculans There was considerable nrvrnd< 
toward the lumen Six hmpli nodes were examined without clear cudence of invasion 



Fig 2—Stomach showing: the carcinoma The base of the ulcer was filled with frlnblc blosl 
clot Xo blood \csse| Is visible In the base 

DIM LSSION 

Various \iews on the possible lclationslup of the diaphragmatic hernia and 
the eaieinoma hate been [nit fontaid to explain the double p.ithologt Stmtlicrs 
stated, “We must await the publication of accounts of further cases before wc 
ma\ draw conclusions as to the possible icasons foi the development of cniHrr 
in these eases ’ Pack and associates’ admitted theie was msufhcient cuthnit 
to considci ccto]im of the stomach a piccanccious state Belset expressed tin 
opinion that the relationship of tnitinoma of the stomach and liiatus licrmn 
occurs no moic liequcnth than can he explained In the coincidence of two < 0111 
moil diseases The [nesent case would appeal to he in the categorv of 1 f° r 
tuitous associ ltion of the two diseases The stomach had been herniated into tin 
thorax foi it le ist tin \enis and seemed .in intilnsicnllt normal stomnrh at the 
tune of the patient s operation m l‘>44 Theie was no esophageal shortonme 
and the possible cfTct t of gast iu juices m the do clopment of earn or at the g ntru 
( min in patients with sliding hernias of the stomnih is not icleiaiit to growl h"- 
of the IkhIx of the stomach It is possible that such factors as reflux o> gistric 
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juice, the production of esophagitis and ulceration of tlie lower end of the 
esophagus mac be significant m the development of carcinoma at the esophago¬ 
gastric junction m patient-, with sliding hernias of the stomach These factors 
do not influence the mucosa ot the bodv of the stomach 

As well as this possible difference in etiologv there mar be a difference in 
the en«e with nlneli the condition can be treated surgaeaUv The total gastree- 
tom\ performed in the case described was not as difficult as seemed probable 
from a preoperatice studs of the circumstances In spite of the tact that the 
hernia was of long standing the abdomen had been prenouslv opened and the 
stomach contained a large ulcer there was a complete absence of adhesions 
between the stomach and the sac and the sac and the mtrathoracic nseera The 
stomach was mobile the mesenteries long and the first part of the duodenum 
las dirocth adjacent to the lower end of the esophagus Xo mobilization of 
either esophagus or duodenum was necessan foi the establishment of a tension- 
free esophagodnodenostome In their piper Pack and associates 1 describe an 
almost identical case The stomach las in the chest and a laige ulcerated car¬ 
cinoma was present The total gastreetomv was pel formed because of severe 
bleeding and tbev emphasize tlie ease with winch the operation was earned 
out Thcc state that “the total castrectome performed within the chest was 
done with the greatest ease and speed m our experience Their case was 
desenhed as the first reeoided instance of a total gastreetom\ and esoplmgo- 
duodenostonn done entirclv from within the chest It can be said of the para¬ 
esophageal hernia that the stomach as a rule is tree in the c ac and the fixitv 
of the sac itself is exceptional In contrast to tins an operation for cancer of 
the cardia dec eloping m a sliding hernia is a sec ere proceduie Dela-v m diag¬ 
nose preoperatice blood loss the carle mvolc ement of eital structures adhe¬ 
sions and pcnliiatal fibrosis contribute to the sevontc of the operation Aeeord- 
mgle the results of surgen tn the recorded c ses 0 t cancci oi the cardia in 
sliding hernias ire for the most part disappointing The presumption that 
operation in ccerc case of c nicer in a thoracic stomach wall present technical 
difueuhc and seriousK disturb the patient is not justified ho wee or 

T should liVi to thanh Hr M Israelshi for the report 
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PULMONARY INFARCTION FOLLOWING INTERRUPTION 
OF THE PULMONARY ARTERY 

Rfport of \ Ca^f 

David Y Pecorx, M D , R v\ Brook, N Y, vkd 
Philip Cooper, M D , Pro\ idexce, R I 

I T HAS long been known that ligation of the pnlinonan niton to a portion oi 
lung will not of itself cause iniaiction A icview of the literature, ami 
excellent studies on the subieet weie repoited in 1024 hi Schlaepfei 1 It vas 
shown that the bionchial arten alone is nounalh sufficient to maintain the 
xlahilitx of the lung m animals These findings weie latci conolioratcd In 
others such as Liebow and associates- That these piinciplcs hold tine in nnn 
can he assumed fiom the faet that the pulmonan aiten max he ligated in the 
fiist stage of a two-stage pneumonectoim without complication 3 Indeed it is 
because it is felt that intaiction is an unusual occuilence following hgition 
of the pulmonan aiten that the following case is piesented 

C \SE REPOR1 

P A (S7S0), a CO e ear old wluto man, was admitted to tlio Veterans Administration 
Hospital, Proeidence, It I, on Dec G, 1**51, with the chief complaint a weight Jo s of 40 
pounds in sis mouths Tlie patient had smoked two pnehngc« of cigarettes a «ln' for 
mane \enr-* He claimed that he had alwnes had a eoiigli but that it had become more 
intense and proeluctne during the past two to three rear* Xo other cnrdiorespirntor' 
semptoms were noted Tliree months jinor to admission, following chest \ rne the patient 
was told that he had n ‘ growth on the lung Past Instore was noncontrihutore 

Examination on Admission —Tin temperature eras 00-1° I pulse, 110 respiration" -0 
blood pressure, 100/O0 mm Hg The patient was a fairle well dcei loped, undernourished man 
eeho npiieared chronicnlle ill There was a moderate increase in the anteroposterior diameter n 
the chest Dullnesb to ]ierui"ion and bronehoee.«iculnr breathing were present oeer t a 
apex of the right lung The remaining lung fields were lie perresonnnt to percussion 10 
heart sounds were distant and P was aeientuated There were diminished pulsations i" 
the nrtenes of the right lower e\trcmit\ There wns no e\ idence of peripheral edema 

Laboratory Findmo* — \ ru\ of the chest (Fig 1, I) roe ea led a haze, homage n ,-oU 
densita in the right upper lung fh Id with sjnft of the trachea to the right The heart di no 
appear enlarged Blood count on admission showed a white blood count of 24 GOO <> P| 
eont scgmenteel neutrophils n per cent stab cells lj i>er e ent 1\ niphoee tes I per eon 
monoe vtos hemoglobin HO Gm urinahsis wns negatm e xee [it for albumin 1 plus and - 
4 white blood eelK per high power field Sputum wns negatm for neid fast bai 1 III on smear 
Preoperatne and postojn rntiae ehxtroe ardiogrnm« reeeahd changes inte rjereted n“ cwilcne 
of old rmoc'irdinl infarction 

TTo<pttnl Lour'< — Bromlif*«coj^ wji*= sputum evtolop showed no eudonc* 0 

nnlignnncv AcntiHton «tudie^ «houcd maximum hr*, itiling capuitv, -IS <3 liti \ u 

> rom tli*' \ < irnn^ VdmlnlMr ition Ho*»pltnI Prn\M<n<- JL I nnd thr* I> pnrtni^nt of 
Surp* n Hrwton l nl\ r«lt\ of I o^ton Mji«« 

RrceUrJ for ruMIcntion OcL 11 1^34 
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u „ volume 14 94 liters per minute Because the most likely diagnosis was 

Z:ZZ\i n L right upper IoW, it was deeded that exploratory thoracotomv should be 
undertnlen It was felt that, if po-tble, a lol^tomr would be performed 

On Dee °0 1951, the patient was taken to the operating room. The right upper lobe 
nns eon'olidated'and firmK adherent to the ehest wall Bv bluut aud sharp direction it was 
freed extrapleurolh As right upper labectomi was being completed, a tumor was found 
clo e to the le\ el where the right upper lobe bronehus was transected. Frozen section 
repealed epidermoid carcinoma Pncurooneetmni was therefore decided upon Accordmgli 
the mam pulmonarr arten was dieted free and divided. At this stage of the proeedure the 
patient * condition deteriorated, and because of this, the operation was terminated 



t V 

Hi 1 — t Clu *4 v ra\ on a Iml°«lon .howlnp ntdectatio right upper lobe, u, x ra> 
tie n in tin Hath po'tor* ratli. <laj Opacitj is aimon cntlrch duo to intrapulmonorj 

C1I II1I.11 


I’oMoj'ratnclv, aqueous {>enicillin and streptomrein were given The patient was in 
cciurngfd to rough friqutntli, and expectorants were administered Endotracheal suction 
wnsfriili imploiril 

Following op*ration the patient experienced a febrile course with a maximum rectal 
ti tnjr ratUTi of log ” 1 On the wond jk> toperatm dav the patient started to cough up 
dir) lloorh *l«tuiii which _n.du illi increased m volume Concomitanth, the rmht lung 
r.,n leran. ucmunji o, ,gue hi nai (F.g 1, h) Rhon-h., e*poc,nIIv over the nght 
-1. t, l- iin mor mu- . r ou« Tin j meat. rendition _r,duoUv detenorated until hi. death 
or tl f' tf* ith j« Iojm r itnf <H\ 

Poll lort.m i xnar mat ion rein],,! the following pertinent finding* The n~ht 

nt-coa—i r ra. V .11 l.-al-l Th. right pi nral ranti was obliterated bv fibrous 

!\ , ' 111 ' 1 ” '' r, ‘ n ,,vl , "' cn completeli dnided Tim right upper 

id- br -cl, ha 1 1- a (ran ct, ,1 n ad ttur.il with fin. M U There was 1 ^ 


\ n< 
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right middle and lower lobes were red, dense, and firm to palpation The left lung was 
voluminous, crepitant, and the cut surfaces were irregularly honev combed. The trachea 
and the bronchi to both lungs were distended with bloody fluid, and their surfaces were 
hyperemic The heart weighed 450 grams It was increased m size especially m the left 
ventricular portion Sectioning rev ealed scarring of the posterior ventncular wall The 
coronary arteries were marhedlv sclerotic The spleen weighed 125 grams The liver 
weighed 2,250 grams The lvmpli nodes were free from tumor 



Fig 2—Photomicrograph of a portion of the right lower lobe showing the Infarcted area 

Microscopic sections of the right lung (Fig 2) revealed a massive infarction consisting 
of homogeneous!! staining, “ghostlike” structures The alveoli were filled with disintegrat 
ing red cells, leukocytes, and hemosiderin laden macrophages Numerous bacteria were 
present. Sections of the liver revealed atrophy of the central two thirds of the lohu cs 
with distention of the veins and sinuses with red blood cells 

Post mortem culture of the lung produced predominantly B coh with a few colonics 
of A aerogencs and micro aeroplubc streptococcus Sections of the tumor of the right uppw 
lobe revealed anaplastic epidermoid carcinoma 

DISCUSSION 

Several possible explanations might be offeied foi the occurrence of pul 
monary infarction in the ease presented It might be postulated that the 
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bronchial circulation to the right middle and lowei lobes had been eompionnsed 
Howeier, this is not likeh since the light mam and inteimediate Inonclu had 
not been dissected free Purtheimoie, it has been shown lepentedh ’ - that it 
is verv difficult to compromise tlie bioncliial cnculation without complctcli 
mterruptmg the bionclius supplied since the lnonchial vessels lamifi not onh 
oi er the external suiface but also in the subnvncosn of the In one hi Cudkowic? 
and -Armstrong 0 hate lecently shown that aitenoscleiotic changes mat oc¬ 
clude the bronchial artenal lumen m some instances of pnlmonnit eniplitsema 
That this mechanism was not opeiable m this case mat be infeiied from the 
appearance of the aiteries in the wall of the bronchus shown m Fig 3 


ns 


3 



Photomicrograph of the bronchus to the Tight upper lobe 

shown. 


Two small arteries 


are 
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One other possible conti lbutoi y factoi might be mentioned Mathes and 
associates 6 and Tuttle and Nicoll 8 showed that, while ligation of the pulmonary 
artery alone will not produce mfaietion, early superimposition of infection 
may pioduce the neciosis 


SUJIMARV 

A case of pulmonaiv infarction following ligation of the pulmonan arten 
is presented Possible mechanisms responsible foi the pioduction of the m 
farction are discussed 
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Pis 1 FIs 2 

Fig 1 —Film taken In 1931 show Ing soft tissue tumor mass In left leaf of diaphragm 
Fig 1—Film taken In August 1963 showing moderate increase In size of the tumor 



jrjg 3 —Diagnostic pneumoperitoneum (September 1963) showing the tumor to be lntra 

diaphragmatic 
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normal to person and nictation There sbght teadcmcs on deep >« 

the upper left quadrant of the abdomen with m ram on eompre-ion of the 

rib cage Xo other abnormalities rvire noted 



Fig 4 Fig S 

Fig 4—Appearance of diaphragmatic C'st at surgerv before excision 
Fig o —Film taken at «urger\ showing defect in diaphragm after excision of c^st* 
InferVorlv the diaphragmatic peritoneum Is intact- 



■ns to—appearance of cvat after excision, 

mgs ESrwSdrg^ Pt ^ r rSm?l^e= ^7 777 abn0rmal laborator " find 
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revealed a well rounded, smooth, soft tissue mass G by 5 by 4 cm., located m the left leaf 
of the diaphragm, moving synchronously with the diaphragm Preoperative]} a diagnosis 
of benign tumor (cist is lipoma) of the diaphragm lias made (Figs 1, 2, and 3) 

On Oct It, 15151, a tboriuotomy lias done through tho bed of the left eighth rib, 
and a largi, paper thin, nailed list mensuung 6 by 5 bj 4 cm nas found antcriorli and 
latemllj in the dome of the diaphragm There nere no ndliesions present The cist nas 
easily remoied by sharp dissretion ns the diaphragmatic musculature nas completely absent 
in this area On remoial of the cyst a defect wns left in the diaphragm, being covered 
interiorly by dinpliragnintic peritoneum only This defect uns closed mtli interrupted 
mattress sutures of 00 black silk The chest nas closed nithout drainnge The patient had 
an uneientful recoiery and hns been asymptomatic to date 

The cyst nns filled mtli clear, straw colored fluid The nail was lined b\ a single 
laser of flnt mesothelium and strands of fibrous tissue (Figs 4, 5, G, niul 7 ) 



Fig 7—Postoperatlie film of chest (Februarj 1964 ) 


DISCUSSION 

Primary tumors of the diaphragm are taie Up to the present time, there 
were only eight other pnmaiy cysts of the diaphiagm leeoided Mam other 
mesothelial cysts, le, “celomic cysts,” have been leeoided We behete wit> 
Craickshank and Cruickshank 3 that these cysts aie comparable and foim one o 
a series of cysts arising in different anatomical positions fiom various parts o 
the mesothelial lining of the celomic canties Celomic cysts are to be differen 
tiated from cy r sts arising by different embry ologic processes from different em 
brymlogic structures, i e, bronchogenic, mesenteric, lymphatic, etc 

There are no tiue diagnostic signs and symptoms Many are asymptomatic 
The syunptoms are varied but tend to follow a pattern of diaphragmatic nnta 
tion Some symptoms, as leferred pain to the shoulder, neck, or back, are doe 
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to inyolvemeut of brandies ot tlie phienic ner\e These tumors nun cause 
cough, dvspuea and hemoptysis In completion of the louei lobe of the lung 
and effusion In irritation Gastrointestinal symptoms ha\c hecn encountered 
Depending upon then location canline symptoms may he present ‘simson and 
Childress* leport clubbing ot the fingers and eaiduu symptoms elue to the pics- 
sure of vliat amounted to a pulmonary ai tci nn enous fistula m a malignant 
tumor of the diaphiagm In diagnosis a loeulated enipy ema may be troublesome 

scimiKi 

1 Pnman tumors of the diaplnagm aie raie Benign tumors are slightly 
more prevalent than malignant tumors 

2 Diaphragmatic cists nun be asymptomatic When symptoms aie pres¬ 
ent, they are due to size and position of the tumor The usual sy mptoms are 
cough dyspnea and occasional hemoptysis with refened pain to the shoulders 
and bach 

3 Diagnosis is made by roentgenograms and fluoroscopy utilizing pneu¬ 
moperitoneum and pneumothorax y\hen neeessai"y 

4 Treatment is excision 
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RADICAL EXCISION OF MALIGNANT CHEST WALL TUMORS 

J Murray Beardsley, M D , and Charles R Cavanagh, Jr , M D 

Providence, R I 

P RIMARY or secondary malignant neoplasms occasionally involve the deep 
structures of the chest wall Sarcomas of various types account foi most 
of the primary lesions Recurrences following radical mastectomy for car 
cmoma of the breast comprise the majority of secondary tumors, and direct 
extension from the lung is not infrequent Tieatment of these lesions until 
recently has been unsatisfactory, and even today many surgeons are reluctant 
to undertake radical excision, and not infrequently rely upon palliative measuies 
Any attempt at surgical cure should consist of unde radical extirpation 

When resection of the bony chest u all is accomplished and the defect simph 
covered by soft tissue, instability is eeitam to occur Extensive paradoxical 
motion, especially in the presence of a mobile mediastinum, can lead to senous 
complications in the immediate postoperative period For this reason, mam 
surgeons in the past have avoided surgery in this location or compromised the 
extent of excision required 

Numerous attempts to stabilize large defects, using autogenous grafts of 
bone, cartilage, and fascia have been described These methods have been quite 
successful in some hands, but, as a general rule, are time consuming Essentiall}, 
a second operation is performed on a patient who has already undeigone evten 
sive surgery 

In 1947, one of us (J M B ) 1 attempted prosthetic repair of large chest 
wall defects using tantalum plate which was molded and sutured to the sui 
rounding bony structures with wire Good stability was obtained in the im 
mediate postoperative period, but the plates weie pooily tolerated and had to 
be removed within a few weeks Since permanent stabikty is more desirable 
m these cases, plates were abandoned in favor of tantalum mesh 

We a recently published a report on the use of mesh prostheses m two cases 
The material was kindly tolerated by the tissues and seemed to give satisfactory 
long-term support Other writers appeal to share these opinions Tearing of 
implanted mesh has been observed by some authors The acute stresses of con 
stant chest motion have a wearing effect on mesh fibers, and fiactuie may occur 
in time Although tearing has not been detected m any of our cases, the im 
plantation technique has been modified because of these reports Originally, 
mesh was sutured to bone and chest wall fascia about the edges of the defect 
Two layers of mesh are now employed, and since fixation of mesh to moving 
bone may predispose to tearing, the material is allowed to overlap the edges of 
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the defect about 1 inch and is tacked snugh to fascia with interiupted cotton 
sutures It seems leasonable to assume that fascia exerts some cushioning e - 
feet when transmitting the stresses of chest wall motion Stability obtained 
with this technique has been excellent Stainless steel mesli with w hieli u c hax e 
had no experience is chimed to lia\ e even less tendenci to fracture than tan¬ 
talum and eertamh seems deseivmg of further trial 

Once the mesh has been secured over the defect, it must be eoreied hi sott 
tissue Simple undermining of wound edges sliding flaps and pedicle flaps 
have all been used in different situations IN hen dealing with nntenoi chest 
wall defects mobilization of the entire opposite breast and nuderh mg pectoral 
muscle provides a large and conieiiient donor flap This procedure is teeb- 
mcalh quite simple and has provided ien satisfactory coieinge each time it 
has been used There has been no difficult! with wound healing in am of om 
extensile resections AH except one m which there was a putial breakdown 
of a sliding flap liaie healed per pi imam and in tins instance despite the fact 
that nnderh mg mesh was exposed granulation filled the area npidh and the 
wound healed nneientfullv 

The puipose of the present paper is to piesent ten eonsecutne cases of chest 
wall malignance treated b\ radical excision and prosthetic repair Once the 
diagnosis of chest wall sarcoma 01 carcinoma has been established, curabilitx 
of the lesion should he consideied A careful clinical and roentgenograph ic 
search for metastases is in older if oue is dealing with a primarv lesion and 
detectable spread elsewhere must be ruled out in seconder, tumors 

The procedure should be limited to cases considered curable and has not 
been recommended to anv patient as a palliative measure In those eases where 
cure was not achieved however worth-while palliation was obtained for con¬ 
siderable periods of time 


CASE REPORTS 

Primarv Carcinoma of Limas — 


Case 1 —W il a 72 wear old white roan, was admitted to the Rhode Island Hospital 
on April 29 194S because of svmptoms and x rav findings consistent with a malignant neoplasm 
of the lower lobe of the left long There was m addition x raw evidence of tumor extension 
to the adjacent seventh nb 


On liar 6, 1 Q 4S, radical en bloc excision included left lower lobectomv large segments 
of the fifth sixth, seventh, and eighth ribs with the overlvmg chest wall soft tissue- The 
chest wall defect was closed bv suturing a tantalum plate to the surrounding nbs with wire 
Pathology report was a large broncluogemc carcinoma measuring T bv I 5 bv 5 cm. with 
invasion of the pleura and the adjacent sixth and seventh ribs 


Postoperative]!-, chest wall stabibtv was verv satisfnetorv but there was considerable 
STS wTremovlT S * ^ ** P- 


The patient experienced complete rel.ef of symptoms and rap.dlv gained weight W hen 

seen on the last followup visit on April 9 1054, six wears after re-echon zfw ra p 

stated he led an active life and felt fine There were no cl,a,cal or x rav signs of rLrae’ne 

Case 2 L, M, a 52 vear old white man. entered the 'Rhnrlf* xx . , 

1950, because of symptoms and x rav findings consistent with n l 0Spital 111 Jn,r > 

upper lobe of the right lung ™ th a “^lignant neoplasm of the 
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In August, 1950, exploration reicalcd a huge tumor which was firmh attached to the 
third and fourth nbs A right pneumonectomy with en bloc excision of the second, third, 
fourth and fifth ribs and overlying chest wall soft tissues was accomplished (Fig 2) The 
defect was closed by suturing tantalum mesh to the chest wall fascia with interrupted cotton 
Pathology report was adenocarcinoma of the lung with peribronchial lymph node metasta«es 
Recovery was uneventful (Fig 3 ) He experienced dramatic relief of symptoms 
and was able to resume Ins work m a textile mill for four months Weakness and weight 
loss then recurred and lie was referred to a Veterans Hospital for further study He died 
one tear after surgery of recurrent disease The chest wall was described as very stable hv 
physicians m attendance prior to his death 



Ftp 1—Case 1 PhotogTaph of patient six j ears after operation 


Eecunent Tumors of the Breast — 

Case 3—L S, a 54 year old white housewife, entered the Rhode Island Ilospit d on 
Dec 4, 1949 Seven years before, a left radical mastectomy had been performed for ' ar 
cinoma of the breast with axillary metastases She did well until sixteen months prior to 
admission when a mass appeared on the left anterior chest wall X ray treatments were 
recommended by her physician There was temporarv tumor regression, but three months 
before admission the mass again began to grow It became extremely painful, nnd she lost 
45 pounds Hormones and more \ ray tnerapy were prescribed without benefit She was 
then referred to the hospital (Fig 4 ) 

Physical examination re\ealed a 4 by 8 un firm mnss which was fixed to the sternum 
and left clavicle On Dec 6, 1949, en bloc excision was done wlucli included the upper third 
of the sternum, wide segments of the left clavicle nnd upper three ribs, the underlying phrenic 
jenc, and all overhung soft tissues The chest wall defect was repaired bv suturing a tan 
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Fig 4 —Case 3 Appearance of lesion before operation 




Fig S—Case 3 Photograph of patient 4 rears and 5 months after surgep has 

the use of the opposite breast an! pectoral muscle ns a pedicle flap Note that nipyr 
been excised 
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tnlum ?We to the surrounding bonv structure* with wire The right breast and pectoral 
5e were then mobilized and swung ns n flap graft to supph «oft tissue coverage Pathol 
^ report was adenocarcnomn of the chest nail invading the sternum and left stemo 

clavicular joint 

Her immediate postopcrnt.vc course was uneventful One month after «urgen honour 
she was readmitted to the hospital because of severe local pain and recurrent pleural effusion* 
requiring thoracenteses The plate was removed There was no further effusion r p , 
and the vround quicklv healed 

She rapidlv regained her lost weight and resumed her household duties WTien seen 
on last folion up visit on April S, 1054, over four rears later, she wa* lending nn nctm, un 
restricted life and had no complaints There uerc no clinical or v rav signs of recurrent 
tumor (Fig 5 ) 


Case 4 —H H, a 72 rear old white widow entered the Rhode Island Hospital in luno 
1950 Ten Years before, a left radical mastectomy was done for carcinoma of the breast 
Two rears pnor to admission, a lump appeared on the left anterior chest wall Tablet* 
were prescribed bv her plivsician, but the mas* slowly enlarged TliTrc months before entr\, 
the ma*s began to grow rapidh and fnnllv became so painful that hospitalization un* reiom 
mended 


Phvsical elimination revealed a 4 cm firm tumor which wo* fi\ed to the left second 
costal cartilage 

En bloc excision included the upper two thirds of the sternum wide segment* of the 
first three ribs bilaterally the medial third of the left clavicle, nnd all ovcrhmg tissues 
The ma*s extended deeplv into the mediastinum Segments of the upper lobe of the left 
lung and left phrenic nerve were removed to encompass the growth The chest null defect 
was repaired bv suturing n tantalum plate to the surrounding bonv structures with wire A 
circumferential incision was then made about the lower two thirds of the right breast and 
pectoral muscle, which were swung across the chest to supply soft tissue coverage 


Pathology report was recurrent adenocar. inomn of the chest wall Her wounds healed 
well and the immediate postoperative course wa* benign Three weeks after surgery, however 
the wound suddenly opened and bled profusely “Mio un* readmitted to the hospital, and the 
plate was immediately removed 


During the next rear, the patient resumed her usual activities and had no complaints 
In Jnlr, 1951, chest pain recurred nnd a nodule was felt at the upper margin of the sternal 
stump .At re-exploration, numerous nodular recurrences were found in the adjacent Tib*, 
sternum, and underlying mediastinum All visible tumor was excised, but it was felt tlint 
further radical surgerv was hopeless The soft tissues were closed and no attempt was made 
to reinforce the chest wall The pathology report was recurrent adenocarcinoma Recovery 
was uneventful, and x rav therapy was recommended on discharge 

Surprisingly enough, she had complete relief of chest pam following surgerv She was 
able again to resume her usual activities nnd has traveled ^outh during the past two winters 
At her last follow up check m April, 1954, she complained of pain in both hips X rav 
revealed metastases to the pelvic bones Some relief has been obtained from testosterone 
and, in spite of metastases, she at present leads a moderately active life nearly four rears 
after her original operation 


w ariosi ri * S ’ a 6 -J' earol ' i vrhltc housewife, entered the Rhode Island Hospital on 
March S, 1951 because of a tumor of the nght anterior chest wall Sixteen months prev.rn.sh 
a right radical mastectomy had been done for carcinoma of the breast Nine months later 
a lump appeared on the anterior chest wall Th.s was locally excised and nroved to he od e 

-* * h ' *— <*——ur a zz 


Physical examination revealed a firm, fixed, 4 cm. 
of the nght clavicle 


mass beneath the medial 


portion 
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En bloc excision included the medial half of the nght clavicle, wide segments of the 
first three ribs on the right, the upper third of the sternum, the first tliree costal cartilage*; 
on the left, and all overlying soft tissues The chest wall defect was repaired by suturing 
tantalum mesh to the chest wall fascia and cervical fascia above with interrupted cotton 
sutures The left breast w is then mobilized ns in the previous cases for soft tissue coverage 
(Fig 6) The pathologa report was recurrent adenocarcinoma of the chest wall 

The patient tolerated the surgen well She received 500 c e of blood in the operating 
room and returned to the ward in good condition About seven hours later, she went into 
sudden vascular collapse and died within n few moments 

Autopsv revealed bilateral atelectasis due to aspiration of tracheobronchial secretions 
Xo gross or microscopic evidence of tumor could be found anywhere in the body 

These patients not uncomnionh have difficulty coughing up bronchial secretions during 
the first dav or two follow ng surgerv This tragic and preventable death seems to emphasize 
the importance of the constant and meticulous care one must devote to bronchial toiletry 
during this period 



Ftp 6 —Case 5 Demonstrating- defect and method of mobilizing the opposite breast to repo 

the soft tissue defect 

Case 6—M hi, a 61 vear old white woman, entered the Rhode Island Hospital on 
April 26, 1951, because of an anterior chest wall mnss The lump had been present <i 
sixteen montlis and had recently become painful. A nght radical mastectomy had 
performed seven years previous for carcinonm of the breast 

Phjsieal examination revealed a 5 cm, firm, immovable mass to the right of the sternum 
in the third interspace 

En bloc excision included large segments of the third, fourth, and fifth ribs bilatera , 
the interposed sternum, and all overhung soft tissues (Figs 7 9) The chest wall de ee 
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was bs ™.™ 5 InntAlum »* » <£ 

. 

ten dais after surgery (Fig 10 ) , . „ ._„i, t„ 

i ^“ - “ - 

months Inter of widespread metastatic carcinoma 



Case 7 —N 0„ a 69 year old white housewife, entered the Rhode Maud Hospital on 
Mav 23, 1951, because of a lump of the right anterior client wall of two weehs’ duration 
1 nght radical mastectomy had been performed two tears earlier for carcinoma of the breast 
with axillary node roetastases 

Physical examination, rerenled a firm, fixed, 4 cm mass m the right sternoclavicular area 
Radical excision included the medial third of both clavicles, wide segments of the first 
and second nbs bilaterally, the upper S cm of sternum, and all overlying soft tissues The 
chest wall defect was closed with a double laver of tantalum The rue^h was allowed to 
extend 1 inch beyond the edges of the defect and was sutured to fascia with interrupted 
cotton. Soft tissue closure was accomplished bv rotation of the opposite breast Pathology 
report was recurrent adenocarcinoma of the chest wall 

Her postoperative coune was uneventful and chest wall stability excellent TJnfor 
tunatelr, Bhe died at home of a myocardial infarct one month after discharge Permission 
for autopsy was not obtained. 

Case S —D T , a 56-vear old white housewife, entered the Rhode Island Hospital on 
June 21, 19o3 She had noticed a lump of the nght anterior chest wall for over two rears 
It had been increasing m size slowly, and recently it had become painful \ left radical 
mastectomy had been performed in 1935 for carcinoma of the breast ' 
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1 a o rnwrc firm fixed mass between (lie second and fit ml 
PUn steal examination revealed a large, nrni, n\eu mi 

- *«*««-^ ^,,, ^ 
eavrty It solved the third r.h but was not attached to the underlying structuns Kudu a 
excision included the second, third, and fourth ribs from the slmium to them purnierebrni 
attachments, and all oserlsmg soft t.ssues The chest Mali defect nns ropa.rod 
a double laser of tantalum me,l, to chest trail fascia with interrupted sutures Mi sh is as 
aliassed to overlap the edges of the. defect for about one inch (dig 11 ) So t tissm i osnri 
iso, accomplished easils by undermining Patliologi report sins recurrent mb no- nmno.ni. of 
the chest wall 



\ 


Fig 10 —Care o Appearance of anterior chf«t -nail ten das, after ore ration (Photographic 

DepC, Pbode island Hospital.) 


The patent’s postoperative course va' uneventful dust sail st lbibts ssas ixulhnt 
''he svas discharged on the tenth postoperative das When se< n last on April 2, PJT4, sin 
was feebug well, had a good appetite and v-as leading an a> tin bf, Tli< n sin no < hue al 
or x rav signs of recurrence. 


Case P C T_ a <51sear old s lute ssidos , entered tlie Iltiodi hland Hospital in l<h 
rnarv 19ii because of a rapidlv enlarging ma-“ of the anterior duct wall first noted six 
month; before X ravs revealed extensive generabn d Paget v dn-ease In the manubrium a 
5 to 6 com expanding de=trmtise le-jon had eroded the ,t< rnoMasicul ir joints The nun 
was usually obvious and vers firm on palpation dig 32 ) 


tin upj>* r tbrei ribs 


Kadiial cn Ido- esep-jon included side jagiumtc of Irith . Usi< !< 
bilaterally, 10 cm. of upp< r sternum and all oserlsing soft Ijvm,,. 

The chest null defect was repaired bv suturing a tantalum ,JaV to the a],a.,„t r.U 
with Wire Mft tissue coverage was obtained b rotation of the ),{ t l, r ,^ yt J p t , j „ 
report was osteogenic sarcoma of the manubrium ~tth invasion of the sterna ^uTyZf, 
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Fie 11—Case S Showing double ln>cr of tantalum mesh In place 


T7 7 

im 




Fig 12—Case 9 Osteogenic sarcoma of sternum (From Beardsley J ^horac radical 
March 1960 ) Patient ^as li\lng without recurrence 7 >ears and 2 months aIie 
excision 
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sense of wellbeing ami the wound healed urnventfulli 

... L » a p „i, iku, .... "■>» p»« *;™ “7 

“h." complaints Th,« ... no *•«- « ' - •*« «' 



Fig 13—Case 10 RhaMomio«arcoma of right posterior chest wall 


Case 10 —M. G, a 77 vear old white widow, entered the Rhode Island Hospital m 
Ingust, 1850 She complained of an extremely painful grapefruit sired mass of the right 
posterior chest wall (Fig 13) The tumor had been present for sb months, was increasing 
m size rapidlv, and she had lost 30 pounds 

Radical excision included large segments of the seventh, eighth, ninth, tenth, and 
eleventh ribs, some underhung pleura, and all overhung soft tissues (Fig 14) The chest 
wall defect was repaired bv suturing tantalum mesh to chest wall fascia wutli interrupted 
cotton sutures A few sutures encircled the sixth nb above and the twelfth rib below Soft 
tissue coverage was accomplished bv utilizing a sliding flap 

Pathologv report was rhabdomyosarcoma of chest walL 

The patient was a hypertensive, elderlv, debilitated woman. Her convalescence was pro 
longed and complicated bv a partial breakdown of the sliding graft Despite the fact that 
underlying mesh was exposed, the area granulated in and healed sohdlv She was discharged 
on the sixtv first hospital dav (Fig 15 ) 

During the next two rears, she did well Her weight was maintained, and she was able 
to perform her usual chores about the house In August, 1952, however, she began complain 
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Fig 14—Case 10 Specimen showing amount of chest wall resected 





Fig 15—Case 10 Patient nine months after surgery (Reproduced b> permission of 

fsew England Journal of Medicine.) 
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mg of weakness and back Shorth after tins she was sent to a nursing 

pare Wlule there, a large recurrent tumor mass appeared in the prcsacrnl arc 
progressively downhoU course and died in March, 1053 Permission for autopst was not ob 

tamed 

DISCUSSION 


Primal a caicmoma of the lung which lmadcs adjacent chest wall stiuc- 
tures fi equenth* arises in peripheral lung tissues Hilai encioachnient In t tese 
growths is less lihelv than with eentralh located lesions, and lienee pneumonec¬ 
tomy 01 lobectonn is geneialli not teehmcnllv difficult Imasion ill oui two 
cases was confined to bone and peiiosteuni Resection of chest wall was limited 
to nb and intercostal muscles The o\erli mg soft tissues weie not disturbed, 
and local recuirenee did not occur m cither case The chest wall resection adds 
little time to the procedure and none to the convalescence In the absence of 
detectable metastases elsewhere, a reasonable sail age late should be expected 


Fixation of breast cancel to chest wall has long been consideied a sign of 
inoperabilitA and because of tlie prc\alentl\ taught dogma mam* of the nboie 
cases were sent to the hospital for terminal disposition The groAvths had been 
observed bv the patients themselves an average of fourteen months before re¬ 
ferral Usuallv a wide eireulai incision is made about these tumors including 
a liberal margin of normal shin As the incision is extended down through all 
lavers of chest wall, carefullv isolation and ligation of the intercostal and in¬ 
ternal mammarv vessels will prevent troublesome hemorrhage Of six recur¬ 
rent breast cancers so tieated, one is alive and apparentlv free of disease more 
than four rears after resection Another has no evidence of recurrence ten 
months after snrgerv and m a third case, there was no gross or microscopic 
evidence of tumor at autopsv A fourth patient unfortunateh suffered a fatal 
mroeardial infarct shorth after leaving the hospital Definite recurrence has 
been observed in only two cases, and one of these obtained palliation of severe 
chest pam for over three a ears Perhaps earlier referral will increase the sal¬ 
vage rate in these cases Pnmarv malignant tumors occurring on the chest 
wall are treated bv similar wide circular excision Since these growths are 
pbvsicallv obvious and detected at an earlv stage hi the patient himself, cures 
should he expected in a favorable percentage 

A senes of ten eases is, of coiuse, much too small to be of anv clinical signifi¬ 
cance These cases are infrequently encountered, however, and follow-up re¬ 
ports on large senes of surgically treated chest wall malignancies are rarelv seen 


Surgerv for these tumors has been cnticized as mutilating, dangerous, and 
hopeless Actually, with prosthetic repair, physical deformity is not marked, 
and there should be no functional incapacity One preventable death m ten 
cases can hardly he used as an argument agamst the safety of the procedure 
All wounds are closed tightlv without dramage, and liealmg per pnmam has 
been the rule One elderly, debilitated woman had a partial breakdown of a 
graft and a protracted hospital course Most other patients left the hospital 
b\ the tenth postoperative dav ^ al 

One: patient is .live seten veers .fie, ,.section of a latge osteo-en.c sar 
coma of the sternum, anotlte, six tears after reseet.on of an achanced e^ermoid 
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eaicinoma of the lung irnadmg the chest wall, and a third four rears after 
excision ot a leeurient breast eaicinoma that had infiltrated the born- cage 
X-ia\ therapy rareh if e\ei leads to permanent erne of malignancies of 
the natuie descubed abo\e 

Oui experience with ten cases with seem to indicate that am chest wall 
malignance, which after eaieful stuch appeal's to be self-limited, should be 
gnen the benefit of tl c doubt and wideh excised 
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TRAUMATIC UEM0MED1AST1M M 

El gene G Lvfoket MD 
Brookltve Miss 


D ESPITE the ciuicnt emphasis on lesions of the mediastinum and the in¬ 
creased incidence ot lupines ini oiling the thorax the occniiencc of 
mediastinal hematoma appears to hare eioked little inteiest It is belieied 
that this complication is more frequent than the paucity ot mailable leports 
would nicbcate Foi this leason it is telt desirable to icmcw piesent knowl¬ 
edge regarding hemomediastinnm with p.ntunlai ittention to that following 
trauma and to describe an lllusti ati\ c ease 

Significant mediastinal hemonhage piesumnbli liontiauniatie has been 
obseiied m association with numerous diseases including inptuie of syphi¬ 
litic 1 and aiterioscleiotic" 3 aoitic aneurisms hemonhage into paiatlmoid 
adenomas 4 uremia 3 typhoid fever' aud “yenulai heredofamilial hemonhagic 
diathesis The case ot hemomediastunim following inptuie of an atheroma¬ 
tous aorta reported b\ Dupeirat and Ullniann' would appeal on examination 
of the pathologic data piesented bv these authois to haye been due latliei to 
dissecting anemvsm 

Reported instances ot mediastinal hematoma secondaiy to trauma aie 
almost equally* sparse Kornei 0 in 1*116 desenbed the case of a SOyeai old 
soldier y\ho vras injuied by an exploding gienade and yvho dei eloped a lanre 
posteiior mediastmal hematoma which displaced both trachea and esophagus 
Other authors 10 haie drawn attention to the assocntmn of hematomas ot the 
posterior mediastinum with fractuies oi the thoracic yeitebrae Mediastinal 
hematoma following penetrating trauma has been repoited by Horn 11 yihose 
patient a 21-vear-oId mail sustained a stab yyound of the chest yyitli laceration 
of the left internal niammaiv arteiv The patient recovered and sciaal chest 
x-ravs showed progiessne absorption of the hematoma resolution being com¬ 
plete within fortv-one dais Zimmeimnn 1 ' lias descrihed the oeeurience of 
acute heniomediastmum following a seyeie lateral compi ession inpiiv of the 
chest Respiration vras neyei senouslv embarrassed eonsery atn e tieatment 
was successful and repeated chest x-iavs over a one-month penod showed 
gradual absorption of the hematoma In the ease reported by* ‘schmitt 13 
multiple chest mjunes occurred as a result of a motoring accident a huge 
mediastmal hematoma being associated with pulmonarv paienehvmnl hemor¬ 
rhage hemothorax and nb fiactnie Death occm red unexpectedlv fourteen 
davs aftei injury Thus ter s 14 patient with mediastmal hematoma likewise 

presented multiple eoncomitint thoracic mjuues Vincent and associates 15 
have r eported an instance of fatal hemomediastunim m a 32-yeai-old child 
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who fell 50 meteis into a lake Chest x-ray showed enoimous enlargement of 
the mediastinum Death supervened foitv-eight hours after injury, and 
autopsy levealed a huge mediastinal hematoma, but the precise site of its 
ongm could not be determined Fmther attention has recently been directed 
to traumatic mediastinal hematoma by Endress, 30 who has described two cases 
following chest injuries sustained in automobile accidents 

Most standard treatises on roentgen diagnosis accord but brief mention to 
tiaumatic mediastinal hematoma Shanks and Kerley 1 ' state that it mat result 
fiom injure to a laige a esse! in the root of the neck, the blood gravitating m 
fenoilv into the mediastinal areolai tissue On \-ray the mediastinum is 
widened and ma> show stiaight vertical holders Schwmz and associates 35 
mention that its loentgen differentiation fiom mediastinitis mat be difficult 
According to Rrtto, 30 theie is usualh bilateral widening of the supracardiac 
shadow, and, if the blood remains confined to the mediastinal region, the maigms 
of the shadott are straight, shaiply defined, and smooth m outline 

The following case illustiates many of the clinical and roentgenologic 
characteristics of traumatic mediastinal hematoma 

CASE REPORT 

On Dec 0, 1953, a 20 year old sailor was admitted to Framingham Union Hospital* 
at 4 A-jr , shortly after an accident in which he fell asleep at the wheel of his caT and struck 
a tree He had not been rendered unconscious bj the injury When examined, the patient« 
chief complaint was difficulty in breathing Pulse was 120 per minute and blood pressure was 
90/70 mm Hg There were numerous lacerations, abrasions, and contusions of the face, chest, 
and lower extremities Neck veins were slightly distended, and moderate cjnnosis was present 
o\ er the head and neck A right Horner’s syndrome was noted The trachea was displaced 
to the left There were fullness and tenderness o\er the right upper anterior chest and 
over the medial aspect of the right clavicle, pressure on which elicited crepitus The 
medial end of the right clancle was movable, and small fragments of bone were palpable 
m the sternal notch Subcutaneous emphvsema was absent Auscultation of the lungs 
was unremarkable except for decreased breath sounds at the right pulmonnry base The 
right radial pulse was as forceful as the left Bed cell count on admission was 4 56 million, 
and hemoglobin was 16 G Gm per cent Unnahsis was unremarkable 

Posteroantenor (Fig 1) and lateral x rays of the chest showed a dense soft tissue 
mass involving the superior mediastinum bilaterally, predominantly on the right side 
The trachea and presumabh the esophagus were displaced to the left There was a f rac 
ture of the second right nb antenorlj The space between the medial ends of the clavicles 
was widened, suggesting the possibilitj of a fracture of the upper sternum In the lateral 
projection the superior mediastinum was completely cloudy 

The patient was considered to have a hematoma of the nnterosupenor mediastinum, 
chiefly on the right, secondarj to laceration of superior mediastinal veins, possiblv the 
thyroid vein, transverse cervical vem, or smaller tributaries of the right subclavian icm 
All external wounds were cleaned, sutured, and dressed Parenteral penicillin was 
administered prophylacticallj An infusion of 5 per cent dextrose in water was begun 
The patient was less dyspneic when sitting semiupnght and was, therefore, maintained m 
this position Oxygen was not necessary Endotracheal aspiration was used to preient 
the accumulation of secretions Four hours after admission blood pressure was 100 /1 
mm Hg, and pulse 92 per minute A small hemoptysis occurred at this time but was not 
repeated The clinical condition was improved, and needle aspiration of the hematoma 
was not considered necessary 


•Serilce of Hr Lee G Kendal] 
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Fig 1—Posteroanterior chest x raj secured upon admission showing large mediastinal hcma 
toma The tracheal dexiattcn Isexident but bon\ injuries are not clenrlx reproduced 
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Fie: 3—Tno days after trauma. Further improvement with return of the trachea to 
the midline and continued regression of tlie hematoma Slight elevation of the right henii 
diaphragm 



Fig 4—Elevation of the right hemidlaphragm Is the only significant abnormBlItJ - e 

on this x raj taken sixteen days after injury -- TT ° ' T "' Wn " n,tal Lne 

Massachusetts ) 


(Courtesy U S J *Na\af Hospital Ch 
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Chest X rav on Dec 7, 1*53, approximately thirtv hours after myirv, ^ ed st ^ g 
reeressron of the mediastinal hematoma (Fig 2) There was howeier, ev.dence of thick 
eld pie- and hard accumulation on the nght On Dec S, 1*53 chest x rav showed 
further narrowing of the mediastinal mass (Fig 3) and almost complete absorption of the 
right sided pleural fluid. The nght hemidiaphragm was slightly elevated The trachea 
was almost in the midline 

The patient's subsequent course was one of progressive improvement, both clinically 
and roentgenologicallv The Horners svndrome regressed and dvspnen receded On Dec 
13, 1953, the patient was transferred to the T7 S Xaval Hospital, Chelsea, Massachusetts 
Pam in the nght sternoclavicular region was the onlv outstanding complaint at this time 
X ravs showed slight separation of the nght sternoclavicular joint, and compression and 
distraction of the joint produced pain Phvsiotherapv, with active shoulder girdle exercise 
and diatbermv, resulted in improvement Chest x rav on Dec 22, 1953, was unremarkable 
except for elevation of the nght hemidiaphragm (Fig -11 However, inspiration expiration 
x ravs, together with fluoroscopv, showed normal diaphragmatic movement bilaterollv On 
Jan. 14, 1*54, the patient was discharged to dutv 

(Subsequent investigation of the patients health record showed that his most recent 
chest xrav pnor to injure had been secured on March 1*, 1952, and indicated no ab 
normalitv ) 

DBCUSSIOX 

Mediastinal hematoma complicating disease is chieflv of academic interest 
both therapv and prognosis being those of the underlying condition In such in¬ 
stances, unless catastrophic, the development of the hematoma is usually 
gradual, permitting adequate readjustment of cardiorespiratory dynamics 
However, the clinical and roentgenologic findings mav require difierentiation 
from other causes of mediastinal enlargement, particularly those amenable to 
surgical or radiation therapy In contradistinction, hemomediastinum due to 
trauma often presents the dual problem of acute blood loss and sudden 
alteration of caidiopulmonarr physiology As such, it may constitute an im¬ 
mediate threat to the Me of the patient 

In view of the present high incidence of crushing chest injuries, especially 
of the so-called “steering-wheel 1 ' type, the apparently rare occurrence of 
traumatic hemomediastinum is surprising It is felt however, that the lesion 
is actually more frequent than a survey of available reports would suggest 
In many instances, for example, it may be considered a relatively unimportant 
component of a large complex of multiviscera] injury An additional reason 
is mentioned bv Endress, 15 who feels that since x-ravs of patients with chest 
trauma are usually done at short distances and with Buctv technique, the 
mediastinum is scanned less carefully because of the expected distortion.' 

The source of the hemomediastinum m instances of blunt injury would 
appear almost invariably to be venous In the present ease, it was believed to 
result from laceration of smaller superior mediastinal reins such as the 
thvroid vein, transverse cervical vein or smaller subclavian tributaries TVith 
fracture of ribs or sternum, the possibility of injuiv to intercostal or internal 
mammary veins must he eonsideied Fracture of the sternum mav ako 
produce copious bleeding from the v ascnlar marrow « J n penetrating , n J' 
arterial hemorrhage mar be predominant, as a Horn's" else 1 

of the internal mammary arterv ° f ***** W01md 
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Findings on physical examination m patients with traumatic mediastinal 
hematoma depend upon its extent, location, and lapidity of accumulation 
There is usually obvious outward evidence of injury to the bony thoiax Ob 
struction to venous diainage may be indicated by distended neck veins The 
patient may exhibit maiked dyspnea, often fa\ onng the semiupiight position 
for lelief Shock may result fLorn 1 eduction of calculating blood loluuie, 
especially should the hematoma luptuie into the fiee pleural space A 
transient unilateral Homer’s syndiome was noted in the piesent case In 
short, clinical findings may be suggestive but aie raiely unequivocal 

The roentgen charaeteiistics of tiaumatic hemomediastinum have been 
briefly discussed, most autliois emphasizing enlargement of the mediastinal 
shadow noth straight, smooth, sharply defined maigms Endless 10 distin 
guishes two possibilities In one, the findings may be most maiked on postero 
anterior piojection until a lateial bulging of the mediastinum being evident 
A second type is most apparent in the lateral x-iav, vhich may demonstrate a 
convex soft tissue shadou in contact with the postenor suiface of the sternum 
The hematoma in the case lieiein lepoited uas most pi eminent in the posteio 
antenoi viev but was also eleaily visualized on the lateial \-ray 

X-iay diagnosis of traumatic mediastinal hematoma in the absence of a 
history or roentgen evidence of gioss chest nijuiv is necessaulj tenuous On 
the other hand, a history of trauma should not be permitted to exclude the 
possibility of an underlying mediastinal neoplasm The tendency of tiaumatic 
mediastinal hematomas to progressrse and usualb lapid lesolution mihtates 
against diagnostic temporizing m cases which exhibit little change 

As in the patient described, consenatne tieatment of tiaumatic mediastinal 
hematoma is usually successful Houevei, especially m the eailv phase, signs 
of significant cardioiespnatoiy embanassment must be piomptly detected 
and actively treated Decompression of the mediastinum, either bv needle 
aspnation 01 by anterior mediastmotomy, may be leqiured In arterial hemor¬ 
rhage, operative ligation of the bleeding vessels may be necessitated foi secure 
hemostasis Associated injuries and complications must, of course, be ade 
quately managed 

SUMMARY 

Hemomediastinum is a striking condition which may complicate the course 
of numeious diseases 01 may be associated with severe chest tiaurna I* s 
incidence following thoiacic injiuy is bekeved to be higher than indicated by 
the bterature A case of traumatic mediastinal hematoma with successful con 
servative management is presented An mteiestmg clinical finding was the 
presence of a transient undateral Horner’s syndrome The source of bleeding 
in tiaumatic hemomediastinum is usually venous but may be arteiial if the 
injury is penetrating Physical findings are dependent upon the extent, 
location, and rapidity of accumulation of the hematoma X-ray characteristics 
are those of enlaigement of the supiacaidiac shadow with stiaight, smooth, 
sharply defined maigms Conservative treatment is usually adequate althoug 
severe cardioi espnatory emban assment may require mediastinal decom 
pression 
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STUDIES ON FIBRINOLYTIC ENZYMES IN PATIENTS 
UNDERGOING THORACIC SURGERY 

H Mhavidsky, M D , I Ginsburg, M Sc , and A de Yries, M D 
Jerusalem, Israel 

I N RECENT years uncontrollable hemorrhage following thoiaeic operations 
has been reported 14 In these cases the bleeding uas diffuse, did not originate 
m majoi open vessels, and was ascribed to afibnnogenemia due to fibimolysis 
During the three-year period ending Julj 1, 1954, 342 majoi thoiaeic inter 
mentions such as pulmonaiy lesection, thoracoplasty, and cardiac operations were 
peifoimed on oui service In this senes two seveie hemorrhages occurred, 
both after pulmonaiy lesection In one case a hgatuie had slipped off the 
pulmonaiy artery, and in the otliei, bleeding was due to eiosion of an inter 
costal aitery 

In the piesent communication, studies are leported on fibnnolvtic enzymes 
m the blood befoie, during, and aftei opeiation and m blood obtained from the 
open chest during opeiation in patients nndeigoing majoi thoracic surgery 

METHODS 

Blood samples weie obtained from the brachial tem, the pulmonary arterv, 
the left atinun, and the open chest No saline or wet sponges were used until 
the pleuial blood samples had been taken in oidei to avoid dilution The 
samples obtained with or without anticoagulant (% volume of 0 1 M sodium 
oxalate) weie centufuged at 2,000 i p m foi 15 minutes The plasma or serum 
was sepai ated and kept at +4° C foi a maximum of 3 horn's until the per 
foimanee of the tests 

The following ruatei mis v ei e used 

Baibital saline buffet, pH 7 4 11 0 Gm NaCl, 8 244 Gm sodium baibital and 

0 924 Gm potassium oxalate dissolved m 2 L of distilled u atei 
Fibunogen a 600 mg pei cent Bovine Fiaetion I (Armour Co) solution m 
baibital saline buffer, freshly prepared The matenal contained pro- 
fibnnolysm 

Thrombin (Upjohn Co ) dissolved in saline baibital buffei to a stiength of 50 
units per milliliter 

Profibrinolysin piepaied from human seium bv the method of Ratnoff 
Sti eptokinase-sti eptodornase —Yaridase (Ledeile Co) dissolved in baibital 
sabne buffer to a stiength of 1,000 units per milliliter 
Fibrmolysin a bovine piepaiation leceived thiough the courtesy of Dr E 
C G Loomis fiom Parke, Davis and Co 
Fibrin plate prepared according to Astrup and Mullertz, 6 heated to 85° C 
for 45 minutes m older to destioy profibimolysm. 

From the Department of Thoracic Surgery and the Department of Clinical Research 
Hebrew University Hadassah Medical School 
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milwidsky et al studies on fibrinolytic enzymes 

Teste for the presence of the following substances weie peifomed 

Fibrinogen to 0 5 ml test sample mixed with 0 4 ml buffei solution, 01 ml 
thrombin solution was added at 37° C and the mixture uas examined foi 
the appealanee of a clot -—method A 

Fibrinolysin to a mixture of 0 5 ml test sample and 0 4 ml fibnnogen solution, 
01 ml thrombin solution was added The clot was obsened foi lysis at 
37° C dm mg a penod of 48 horns—method B 

A similar test uas peifoimed on a 1,024-times diluted sample m oidei 
to abolish antifibrmohsm actmti —method C 

In a thud method 0 05 ml of the test sample was placed on a heated 
fibim plate which uas obsened foi the appealance of a halo at 37 C 
foi a penod of 48 houis —method D 

Profibi inolysin to a mixtuie of 0 05 ml test sample, 0 05 ml stieptokinase solu¬ 
tion, and 0 4 ml fibnnogen solution, 0 1 ml tin ombm solution u as added, 
and the clot was observed foi lysis at 37° C, dining a penod of 48 hours— 


method E 

Proftbrmotysm activator (fibnnohjsohmasc) 01 ml of a mixture containing 
equal paits of test sample and piofibunolisin solution was placed upon a 
heated fibnn plate which uas kept at 37° C The appeal ance of a halo 
withiu 48 houis indicated the piesence of activatoi —method F 
Antifibrinohjsin titiated accoidmg to Ratnoff ’—method G 


RESULTS 

In the 11 cases studied, the opeiatne and postopei atn e couises ueie un 
eventful, and no undue bleeding uas obsened The lesults of the laboiatory 
studies in these 11 cases aie piesented m Table I 

In all blood samples obtamed fiom the biachial vein, the pulmonary 
arteiy, and the left atiium, adequate clots appealed within a feu seconds 
after the addition of thiombm In none of these samples could fibnnolytic 
activity be demoustiated by the diffeient methods used In all samples 
examined, piofibnnolysm uas pieseut and fibruiolysokmase uas absent Anti- 
fibnnolysm titers m the blood samples fiom the peripheml and intiatlioiacic 
vessels did not show maiked changes dui mg operation 

All blood samples obtained fiom the open chest eithei contamed clots oi 
clotted in the test tube In none of these samples was fibiinolvsm oi fibnn- 
olvsokmase demonstrated, but all contamed piofibnnolysm Amtifibimoh sin 
titei’s m 9 of the 10 examined pleuial blood samples ueie markedly louei 
than m the samples obtamed simultaneously from the peripheml oi mtia- 
thoracic blood \ essels Only m one sample (Case 7), uhich u as removed fi om 
the open chest befoie it clotted, was the serum nntifibnnolysin titei increased 
as compai ed with the titei m the penphei al blood 


, c Lu a ng 13 known to be ricb m tin omboplastm 8 and tissue fibnnolvso- 
kmnse Afibrinogenemia or hvpofibrmogenemia leported to occur in thoracic 
surgerv might be explamed bi one of the following mechanisms (if mZ 



Table I Studies op Fibrinoiytic Enzymes in Blood Obtained From tiie Peripheral and Lesser Circulation and From the Opfn Ciifst in 

Thoracic Operations 
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_ 1 At end of operation _ (2)+ _ (2)- (2)+ (2)- 410 

Numbers between parentheBcs Indicate the number of cases examined 
♦Blood obtained from thorax before clottlnp clotted In test tube 
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STUDIES OX FIBRINOLYTIC ENZYMES 


GOT 


vasculai clotting by thromboplastin released from the lung tissue into the circu¬ 
lation (2) activation of plasma piofilnnrol\sin to fibimohsm br tissue kinase 
from the lungs*, and (3) release ot actue fibimohsm fiom the tissues into the 
cn dilating blood 10 

In oui 11 cases, sereie hvpofibiniogeneuna did not occm Also no acme 
fibnnolvsin or fibnnolvsm aetivatoi could be demolishated in the blood Ei en 
blood samples obtained fiom the open chest which had been m contact until 
ti aumatized tissue, did not show fibnuolvtic activitY A leuiaikable as yet 
unexplained finding is the low antifibnnohsin titei in the pleuial blood 
samples as compared to those obtained hi punctme of blood "vessels The 
deciease m antifibrmolvsin titei in these samples did not seem to hare clinical 
significance since fibrinolvtic activitY or undue bleeding did not ensue 

It follous, theiefoie that the appeal auce of fibnuolvtic actmh m the 
penpheial and the pnlmonarv cu dilation in thoiacic suigeiv is not a common 
occurrence This is in consonance mth the absence of undue diffuse bleeding 
in oiu suigical matenal When hvpofibnnogenemn does occm m thoracic 
operations, an additional so fai unknown mechanism must be niYohed 

SUMMARY 

In pahents nndergomg lung leseetion oi mtiacaidiac surgerv and who 
had no undue diffuse bleeding oi maihed Iwpofibrmogenemia fibunohsm and 
fibrinohrsokinase could not be demonstrated in blood fiom the penpheial 
veins the pnlmonarv artery, and the left atnum, while profibimolvsin was 
present 

Blood obtained from the open chest contained clots and did not show 
fibnnolvsm or fibnnolvsokuiase activity but had maikedh loweied antifibimol- 
vsm titer 

Afibrinogenemia appears to be uncommon m thoiacic surgical patients 
and the mechanism of its occurrence is not understood 
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USE OF THE LITTLE riVGER FOR JHTRAL COMMISSUROTOMY 

J Bkadlea Aest, AI D , I\ ax D Baronofska, M D , vxd 
C "Walton Lillehei, M D 
SIecxeapolis, Minn 

I A’ THE MAJORITY ot patients with uncomplicated nntial stenosis the 
operation of nntial commissuiotomy is a teehnicalh stiaightfoiwaid and 
effective piocediue, as is attested to bv the Ion opeintne lisk and favorable 
postopeiatne improvements lepoited foi these patients hv manv suigeous m 
wudelv difteiing geographic areas 

In the occasional patient in whom the left aunculai appendage is too small 
to admit the foiefmgei, howeiei the morbidita and mortality ot the operation 
me significantly liigkei In such a case one must eitliei foiego exploung the 
heait (which liaidlv seems an adequate solution to the pioblem) 01 approach 
the diseased aahe through the left atnal wall piopei or thiough one of the left 
pulmonaiv veins In oui own expeneuee, each of these lattei two appioaches 
lias been associated with significantly greatei and occasionally formidable 
technical difficulties of the uatuie which have been described bv Bailer’ and 
which account for the greatei nsk and less fa\orable results when these ap 
pioaches are utilized bv necessity 

Recently we have encounteied two such patients m whom the auricular 
appendages would not come close to admitting the opeiatoi s forefinger, but 
weie of sufficient size to admit the fifth fingei In both cases the commissuro 
tomv was accomplished with surpiismg ease and a gintifving effectiveness 
so much so that w e believe it of value to call to the attention of other surgeons 
the value of this simple maneuver 

At first thought one might cousidei the use of the little finger like sending 
a "bov to do a mans job”, however when one considers the fact that the 
fifth finger mav be ligidlv fixed in a seunflexed position and that the whole 
hind and aim mav then be utilized to lift the fifth fingei one sees that sur 
pnsnig leverage can be exerted to split the anterior commissure Moreover, 
the shorter length ot the fifth fingei as compaied to the forefinger is not as great 
a handicap as one might suinuse because inserting the shorter fifth finger 
thiough the left auricular appendage actually puts one m a position ap 
pieciablv closei to the initial iahe than can be obtamed bv intioducmg the 
longer foiefingei thiough the moie distant supenoi pulmonary vein This 
observation is dependent upon the fact that m the aveiage individual the 
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LITTIoE finger for mitral, commissurotomy 


difference m length between the forefinger and the fifth finger is less t 
cm whereas the left aunculai appendage is 3 to 5 cm or moie closer 
mitral valve as compared to the left superior pulmonary vein 

Also, if it is deemed necessaij, one may furthei deciease the diametei ot 
the fingei and take advantage of the sharper fingernail edge by lemovmg the 
rubber glove from this fingei 

The following two case lepoits lllnstiate the application of this technique 
for comtnissiu otomy 


A B (U.H. No 871612), a 47 year old man, was admitted to the University Hospitals 
on. June 7, 1954 This patient was first known to hav e cardiac difficulty six years pnor to 
admission when a routine chest x ray disclosed an enlarged heart He had no historj sug 
gestive of rheumatic fever Shortlv thereafter he was hospitalized for decompensation and 
treated with digitalis, diuretics, and low salt diet He had continued daily digitalis and 
mtermittant diuretics with no further bouts of decompensation For the two yeaTS pre 
ceding this admission he has had progressive exertional dvspnea such that he was unable 
to be gamfullv emploved 

Physical examination revealed an enlarged heart, rumbling diastolic murmur at the 
apex, accentuated P , and auricular fibrillation He was well compensated without evidence 
of pulmonarv or peripheral edema or an enlarged liver 

Surgerv was undertaken on June 10, 1954, utilizing a left lateral approach through the 
lied of the fourth nb A diastolic thnll was palpable at the upper border of the left 
ventricle After opening the pericardium, the left auricular appendage was noted to be 
very small, and it was doubtful that it could be used to enter the left atnum A purse 
string suture was placed about its base, however, and the appendage was opened and an 
attempt to insert the forefinger was made without success 

We were about to tie off the appendage and approach via the left atrial wall proper 
or pulmonarv vein when it was suggested that an attempt be made to insert the little 
finger This was subsequently done, and exploration disclosed a stenotic valve with an 
orifice of 5 mm The anterior commissures were widelv split with ease, using the fifth 
finger The result was most gratifying, and the patient had an uneventful postoperative 
convalescence 


I. H (U H No 870863), a 48 year old ulute woman, vas admitted to the University 
Hospitals on June 2, 1954, with a lustory of rheumatic fever at 14 years of age and with the 
onset of exertional dyspnea 15 to 20 years prior to tlus admission She had first become 
decompensated nine years previously and had had intermittent bonts of failure with 
ascites, hepatomegaly, and persistent auricular fibrillation despite digitalis, low salt diet, 
and the occasional use of mercurial diuretics 

Physical examination revealed evidence of cardiac enlargement, mid diastolic rumbling 
murmur at the apex, auricular fibrillation, enlarged liver, 2+ pitting edema of both ankles, 
and occasional rfiles at both lung bases 


Electrocardiogram revealed right axis deviation and atrial fibrillation Cardiac 
fluoroscopy showed right ventricular and left atrial enlargement 

With the use of mercurial diuretics she subsequently lost 10 pounds of weight The 
basilar rfiles and ankle edema disappeared, and she was taken to the operating room for mitral 
va ve surgery on June 18 1954 A diastolic thnll was palpable over the upper border of the 
left ventnclo and a systolic thrust over the loft atnum The auncular appendage was small 
and again it appeared doubtful whether it would accept the forefinger Moreover an a 

with the glove removed from the finger In addition there was noted an ormarfT 7 
on the adjacent left auncular walk Because of the previouse^nTTthe 
mentioned case, the fifth finger was utilized, with the glove over this tSger cut off Tffis Lge'r 
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entered the atnal chamber without difficulty Exploration disclosed a thick stenotic valve 
with a slight amount of insufficiency posteriorly The considerable degree of stenosis present 
at the anterior commissures vuis easily split open and without any evidence of increased m 
sufficiency This patient also has had an uneventful postoperative convalescence. 

DISCUSSION 

It is, perhaps, obvious that one may still encounter an occasional patient 
in whom the left auncular appendage may not admit even the little finger In 
such patients one must be piepaied to utilize one of the other alternates 
that have been mentioned It is our belief, however, that the use of the fifth 
finger m patients with very small left aunculai appendages will make the 
need for these more hazaidous appioaches infrequent 

SUM MARI 

One of the problems encounteied m mitral valve surgery is the occasional 
patient with a veiy small left auncular appendage In certain of these patients 
the use of the little finger (with 01 without the glove removed) introduced 
thiough the left aunculai appendage allows one to perfoim mitral com 
missurotomy with gieatei ease and safety than an approach thiough either 
the left atrial wall or pulmonary veins 
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SUBYALVUL Alt hllTRAL STENOSIS—ITS RECOGNITION 
AND TREATMENT 

Henry T Nichols, SI D , and William L Jamison, M D 
Philadelphia, Pa 

I N THE peifoimance of initial comniissuiotomy foi initial stenosis, it lias be¬ 
come moie and nioie appaient to us that, in oidei to lelieie the stenosis as 
completely as possible and also to aioid the pioduction of initial insufficiency, 
one must be extremely cognizant of the subvalvulai elioidopapillaiy suppoit- 
mg stiuctuies We hate elected to use the teim subvaliuilai stenosis to 
indicate the piesence of ani pathologic alteiation on the lentuculai side of 
the mitral leaflets which impedes blood flow tlnough the atiioventuculai channel 
This condition is caused bv fusion of the papilbnw muscles and/oi choidae 
tendmeae on the lentuculai side of the lalve It can occui with 01 wuthout 
mailced shoitemng of the choidae tendmeae 

We have attempted to divide cases of subialvulai stenosis into thiee 
types foi descuptive pm poses and also foi lecogmtion and suigical alienation 
at the time of operation 

In type one, the choidae tendmeae aie cioss-fused and gne the tactile 
impiession of a bud-cage 01 netlike stiuctuie blockmg the flow of blood (Fig 
1, B) In tins type, fingei dissection alone has proved to be the most satisfactory 
solution in oiu evpenence The fingei piessure is applied downwaid m a ven- 
triculai dnection to sepaiate the fused tendinous groups, those to the mural and 
septal leaflets, respectneh (Fig 1, C) If the choidae aie not completely 
fused all the waj to the papillaiy muscle, one can, at times, insert Ins fingei 
between the two groups of chordae tendmeae at the tip of the papillaiy muscle 
and apply pressiue upwai d towaid the atnum to get lesultant spbtting (Fig 
1, Z)) If neither of these methods is satisfactory, one can use the finger to 
peifoiate the netwoik by downward piessuie and cleai a passageway foi atno- 
\ entnculai blood flow This may result m minoi degiees of l egui gitation, 
but it will remain nnnoi so long as the majoi choidae to the leaflets are not 
bi oken 

In type two, tlieie is cliordo papillan fusion and maiked shortening of the 
choidae tendmeae, m some cases to a length of 0 5 cm On digital examination 
one can feci the nearness of the papillan muscles to the leaflets and can feel the 
\ shaped spreading of the choidae tendmeae as they leaie the tip of the muscle 
*° then insertion into the respectne leaflets (Fig 2, A) 

and the Bailey tPho^^teCainlc. Thoracic Sur Rerj Hahnemann Medical College and Hospital 
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The distance between the papdlary muscle and the fused valve edges is 
so small, howevei, that the standaid guillotme knife, dei eloped by Bailer, 
Glovei, and O’Neill, cannot lie easily engaged into the space We hare de 
vised a guillotine knife which has been most advantageous in coping with this 
type of subialvular stenosis (Fig 3) The lovei end of this knife is blunt and 
probelike and piesents a golf-stiek-hke angle at its point of take off from the 





shaft of the instrument This lowei piobelike end piotrudes beyond the 
guillotine blade when the knife is closed, but, being blunt, the closed knife 
has no presenting sharp edges The blunt protruding lowei end is used to 
seek out the passage between the papillary muscle and the mitral leaflets 
(Fig 2, B) After it has been engaged into this space, the instrument is then 
moved from side to side toward the mural leaflet and septal leaflet, respeetn ely, 
to be sure that it is engaged so as to have chordae tendmeae on both sides 
Since there is no cutting surface on the closed instrument, several probing 
passes can be made with it without fear of injuimg the chordae tendmeae The 
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mssim to ensure that the proper commissural alignment has been made 
(Fig 2, C) 




pig- 2. A Palpation of T-shaped fusion of thickened anil shortened chordae in tjpe 

two aub\alvular stenosis Papillary muscle near leaflet edges B Probe end of closed guillo¬ 
tine knife engaged Into small T-shaped area beneath fused commissure. G Finger palpation 
on the atrial surface of the commissure to ensure proper alignment of knife D, Opened 
knife la fully engaged and ready for guillotine cutting of commissure. 


Next, the guillotine is opened, and the knife is engaged deeper into the 
commissure The guillotine is then closed and proper commissural cutting is 
accomplished (Fig 2 , D) It should be noted that the guillotine blade of this 
instrument is slightly narrouer than that of the standard guillotine knife so 
as to ensure a smaller cut In mam instances, one small cut is all that will be 
necessaiy as the remaining commissuial fusion may be split by digital piessuie 
against the apex of the incision If further cutting is necessary, it is bettei 
to palpate the lesult of the pievious cut and he certain of the anatomy of the 
remaining stenosis before ogam engaging the knife to cairy out opening of the 
commissure all the sva\ to the atrioientnculai ring The multiple cut method 
is of the most importance when theie is an exaggerated elliptical shape to the 
fused commissure. ‘With multiple small cuts, the natural curve of the line of 
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valve closuie can be followed safelj to the atiioventiicular ring, wheieas a 
single laige cut might extend penpheially into one of the leaflets to pioducc 
icsultant reguigitation 

After the commissuie has been opened, digital piessuie downwnid into the 
folk of the Y-shaped choidal attachment to the papillaiy muscle will often 
result m papillaij muscle splitting which xvill lesult in gieatei ficedom of the 
leaflet edges to swing widely apait dining diastole If the papillary muscle 
does not respond to digital splitting, a Papillotome mav be used to incise the 
muscle This mstiument and its application will be descnbed m the tieatment 
of the type tlnee stenosis 



Fig 1—Guillotine knife with blunt golfstick angled lower end (Mfg b) George P Pilling 

and bon Philadelphia Pa ) 

In type three, tlicic is leaflet papillan lusion and niaikcd shortening 
of the chordae tendmeae to tin point that the lattei aie not actually 
identifiable as such to the palpating finger Theie is actually fusion of the 
papillaiy muscles to the edges of tiic mitral leaflets (Fig 4, A) Tins type 
of valve is recognized wdicn one passes his fingei tlnough the mitial oiifice 
and extends it out beneath the commissuie on the ventuculai side of the valve 
One then feels a thickened, fleshy bai present, hut no identification of chordae 
tendmeae can be made A slight variation of this is the palpation of the 
papillaiy muscle mass, fusing to the muial leaflet edge, and the absence of mn 
palpable chordae tendmeae 01 papillaiy muscle to the septal leaflet edge In 
this condition, the choidae from the septal leaflet aie agglutinated to the ven 
tnculai surface of the fused commissure on then course to the papillaiy muscle 

It lias been oni experience that the standaid guillotine knife has not been 
entnely satisfactoiy in relieving this type of subvalvnlai stenosis Since the 
hook on the knife points back up the shait of the mstiument, it cannot be easilv 
engaged into the papillary muscle mass so as to ensme dnision of this mass 
along -with the fused commissuie It is of prime impoitance that the papillary 
muscle mass he so divided as to ensuie maintenance of suppoit to both mitial 
leaflets 
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XVe lme deiised a guillotine kmie, the “Papillotome” (Fig 5 ).” 1 
the low end has been made stiaiglit instead of containing a hook Also , h 
tne 10W ansulate from the instrument, in gollstiek 

“o iteslm. p lancet ponrt can be plunged ...to the pap.lla.T muscle mass 
petclcl. to !. presenting surface Tb. gudlot.ne ku.fe, tthen closed, 





Fig 4 —A Type three sub\ alvular stenosis w here chordae are so short and thick that 

the} cannot be definitely identified To the palpating finger the papillan muscles seem to 

attach directly to the leaflet. B The lancet end of the Papillotome is inserted perpendicularlx 
into the central area of the papillary muscle mass C Guillotine cutting starts at the com¬ 
missure on the atrial surface and extends dorm into the papillary muscle to the original 

point of Papillotome Insertion. D Digital pressure to produce further splitting of the paplllarj 
muscle. 


presents no cutting edges so that it can tie safelv introduced into and ivith- 
diawn from the heart Aftei the knife has been introduced into the left atrium 
along the light index finger, the guillotine is opened and the lancet is inserted 
mto the papillam muscle mass (Pig 4, B) The guillotine is then closed, and 
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the cutting action staits on the atnal surface of the fused commissuie and 
extends on down into the centei of the papillary muscle mass to the point 
where the lancet was onginally engaged (Fig 4, C) By this method the 
support to each leaflet is maintained by the lespective half of the divided 
muscle Digital piessuie downward into the apex of the incision into the 
papillary muscle will nsualh result in further splitting which allows the mitral 
leaflet edges to fall widely apart during diastole (Fig 4, D) If the digital 
piessuie is not adequate because of dense fibiosis, another cut with the knife 
may be necessary 

DISCUSSION 

The fiist important aspect of subvalvulai stenosis is the lecogmtion of 
its piesence at the time of mitial eomnnssuiotomy This lecogmtion is gieatlv 
enhanced in oui expenence since we ha\e adopted the baie-fingei technique 
The mcieased tactile sense of baic fingei over gloved finger can be appro 
ciated only aftei it has been employed m an opeiative case If the sub 
valvulai stenosis is not recognized, the choidae tendineae and papillary 
muscles can easily be cut at the time the fused commissuie is being mcised 
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Fig 5—Papfllotome (Mtg George P Pilling and Son Philadelphia Pa-) 


Such cutting of these subvalvulai stiuetures lemoves the support to the valve 
edges and invariably produces i eguigitation This might well lesult m an 
immediate oi delayed fatality or, at best, a pooi clinical lesult 

The second important aspect to be consideied is the fieeing up of the 
subvalvular stenosis to allow a maximum of atnoventnculnr blood flow 
Separation of fused choidae and of fused papillaiy muscles is essential to 
allow the leaflet edges to fall widely apart during diastole In the type three 
stenosis described, even though the papillary muscle is deeply split or mcised 
as suggested, there is still some impedance to atiioventnculai blood flou r as the 
blood has to spill ovei the bulky papillary muscle mass, wheieas m a noimal 
heart, it w f ould have only to couise around the fine and delicate choidae to 
entei the left ventricular chamber We have no suggestion as to how this 
final bit of subvalvular obstruction can be overcome 
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SUMMARY 

Subvalvular stenosis is being recognized mth inci easing freqnenev during 
mitral conmussurotomv Three tvpes of subvalvular stenosis have been recog¬ 
nized bv the nngloTed palpating finger oi the operator The technique of 
treating each of the three tvpes has been described Tuo tvpes of guillotine 
knives -which have greatlv augmented the successful operative technique are 
described for the first time 



SURGICAL TREATMENT OP MITRAL INSUFFICIENCY 
Experimental Observations 

Earle B Kay, M D , and Frederick S Cross, M D 
Cleveland, Ohio 

R HEUMATIC involvement of the valvulai components of the mitral lahe 
may lesult m initial stenosis, a combination of stenosis and legmgitation, 
and what is teimed “pure initial legmgitation ” Initially, theie is absolute 
loss of valve substance by cicatricial eonti action of the leaflets which pi events 
coaptation of the valve cusps duting \entncular systole This may or mai not 
be associated with letiaction of the ialve cusps into the ventuculai cliambei 
by seai led and eonti acted choidae tendineae The lesultant legmgitation 
of blood duiing a entuculai sj stole causes the left ventucle to hipeitiophi 
and dilate Theie is a delicate balance in this compensatoiy mechanism be 
tween the legmgitation and the icntiicular hvpeitiopln If there is chronic 
stiess on the heait to meiease eaidiac output, sufficient ventnculai hipei 
tiophy and dilatation may lesult to cause dilatation of the atnoientuculai 
ling which, in turn, causes fuithei sepaiation of the vnhe cusps This relatne 
loss of lahe substance as a lesult of dilatation of the initial ling lion becomes 
one of the most impoitant factors in the consideiation of its suigical coirection 
Examination of the insufficient lahe uith the nitiacaidiac fingei reieals 
that the reguigitant flow is entneh tluough the posteiomedml one half of the 
mitral onfice The antenoi cusp of the mitial a ah e foims pait of the aoitic 
outflow tract during lentnculai systole The absolute, as well as lelatne, 
1 eduction in valve substance fiom the cicatiicial eonti action of the leaflets, 
lvith 01 Avithout letiaction of the leaflets into the a entuculai chambei b} the 
eonti acted choidae tendmeae, and sepaiation of the posteiomedml commissure 
fiom dilatation of the initial ling, gnes use to a “teai-diop" type of de 
foimity Avith loss of occluding val\e substance in the medioposteiioi one half 
of the onfice which alloivs the jet of leguigitant blood to be dnected pos 
tenorly towmid the atnal septum 

Previous techniques at suigical lepan of mitral insufficiency have at 
tempted to substitute A r anous types of grafts 1 = foi valve substance 01 to 
occlude the incompetent opening by vanous types of plastic baffles 3 4 This 
latter technique has the obvious disadvantage of mtioducmg a foreign bod.A 
m the heart We have had initial success Avith the use of pericardial grafts 
only to haim the graft become fibrotic and ineffectne at a later date This 
experience Avith the use of a pencaidial giaft has been noted by others 
Daiula and associates 5 lecently leported experimental obsei vations lelative to 
i educing the size of the initial ring by a cncumfeiential sutuie about the 
nng 

The regurgitant Aoav of blood can be entnely stopped, as detei mined >} 
the mtiacaidiac fingei, by pushing the postenoi Avail of the auncle at the site 
of the mitral valve foiwaid oi antenoi ]y, theieby deci easing the size of the 

From the Department of Sur&ical Research St Lukes Hospital Cle^ eland Ohio 
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anatomic dissections and laboratory ex ^ eI '' u *v* S ^^^ ) ^ e ^e mitral ,mg at the 

to *™ • technique .Me oMuia.e the edges of 

posteromedial commissure which, in. turn, i\ou pi 

the valve leaflets and obliterate this incompetent space 



Fig 1 —Diagrammatic sketches of the technique of introducing sutures to reduce the size of 
the enlarged mitral annulus for the correction of mitral regurgitation- 


Anatomic dissection of normal heaits and of patients dving of mitral m- 
snfiiciencv show ed the incompetence could he relieved hy introducing a double 
suture at the junction of the aorta and auricles through the anterior and 
posterior segments of the mitral ring adjacent to the posteromedial commissure 
and out the ventricular side of the coronarv sinus m the region free ot the 
circumflex, coronarv arterv posteriorly (Fig 1) 



with 73 per cent segmenters, 5 band forms, and 22 per cent lymphocytes Urinalysis yielded 
a negative sugar and protein, 4 pins acetone, and an occasional leukocyte per microscopic 
high power field 

Boentgenograms of the chest exhibited a complete collapse of the right lung with a 
fluid level at the base There was no evidence of nb fracture (Fig 1) 

Under 1 per cent procaine infiltration anesthesia, an intercostal catheter was inserted 
into the right third intercostal space in the mammary line and attached to a water seal 
drainage bottle A large amount of air was evacuated from the pleural space by this 
method Aqueous penicillin, 100,000 units, and streptomi cm, 0 5 Gm m 10 c,c of saline, 
were placed in the right pleural space 



base and complete re-expanston \\ ith intercostal catheter in place 


The lung had completely re expanded in two days and the intercostal catheter 
removed The child lias remainod well since leaving the hospital 

Case 2—E L, a 42 year old white man, was admitted to the Good Samaritan Hospital 
June 26, 1951, because lie had been m an automobile accident just prior to admission 
had apparently been in good health before the accident 

Phvsical examination revealed a well developed, well nourished, acutely ill man who was 
moderately cyanotic and was having some respiratory difficulty There were obvious fractures 
of the right clavicle, right tibia, and left femur 

° ' ’ _ -i i fT'Kg 

Examination of the chest showed the left side did not expand as well as the rigat 
left chest was hvperresonant to percussion, Brentli sounds were decreased on the left s1 ' e 
The trachea and mediastinum were slufted to the right 


CRUTCHER VXD NOLEN FSEl MOTHOR-VX XMTHOUT BIB FR VCTL RE ' ' 

. , ,, , q v< -t n i, c blood pressure was 120 mm Hg, and 

^prTreTo L^g^heart ™ ^ f ~ ~ 

T Ue remainder of the P^eal per c .bie millimeter, 

h ot^OO rtl 000 per'cubic m.Uimeter with SI 

£ “p- -t lvmphocvtes rnnnivsis ^ded a J-tv r ot 

1 023, no sugar, 1 plus protein, 2 to 3 leukocytes per microscopic high power field, and 1 
granular casts per microscopic high power field 



Fig 2—Roentgenograms show evidence of a pneumothorax Involving the left thoracic cavity 
with no evidence of rib fracture and complete re-expansion alter adequate therapv 

Roentgenograms of the chest exhibited evidence of a pneumothorax involving the left 
thoracic cantv with the lung being about SO per cent collapsed The heart and mediastinum 
were displaced markedly toward the right and the diaphragm was displaced downward slightly 
bo evidence of rib fracture was present (Fig 2) 

Under 1 per cent procaine infiltration anesthe-ia, an intercostal catheter was inserted 
into the left fourth intercostal space in the anterior axillary line and attached to a water 
c eal drainagi bottle \ large amount of tur was evacuated from the pleural space bv this 
method Aqueous penicillin 100 000 units and streptomycin 05 Gm in 15 c c of saline 
were placed in the left plcnral space 

The lung had completely re-expanded in four daw and the intercostal catheter was 
removed TUe lung has remained expanded and there have been no subsequent pulmonary 
«vxuptom? 

discussiox 

The etiology ot traumatic pneumothorax without iib fiaeture has not been 
prot ed to our knowledge Lindskog and Liebow' have stated that impenetrating 
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trauma may pioduce pneumotlioiax bv bursting injuries to the lung, particnlarlv 
when the foiee is applied to an expanded lung with the glottis closed This 
would explain Dieffenbach’s obsenation that most of the injuries of this type 
oceui in children in whom the chest xx all is moie pliable 

The injmies m Cases 1 and 2 can well be explained on this hypothesis 
We have an additional case which we feel had the same mechanism of 
injury to lung This case is not included with Cases 1 and 2 as there was evi 
dence of incomplete fiaetuies of seieial nbs The fiactuies were of the green 
stick tvpe with only the inferior cortex being mvoh ed and could not adeqnateh 
account foi the severe injun to the lung This case also demonstrates one of 
the more severe types of mjurv that can result fiom such a mechanism 



Fig 3—Roentgenograms show Incomplete fracture of ribs and pneumothorax on right wit 
re-expansion of lung after adequate therapy 


Case 3 — K T , a 14 year old white hoy, was admitted to the Good Samaritan Bospi a 
on June 13, 1952, because he had fallen off a truck and it had run over his thorax. He was 
unconscious for 10 to 15 minutes Except for occasional mild infections of the respirft or 
tract and the usual childhood diseases he hnd been m good health prior to the accident 

Physical examination on admission revealed a well developed, well nourished, acutely 1 
bov There was a laceration of the right ear through the anterior margin across the cans 
and the entire ear was displaced posteriorly 

Examination of the chest showed the right side did not expand as well as the 
There were abrasions across the right anterior and posterior chest wall. The patient w 
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coughing up bloodY sputum. The breath sounds were decreased over the nght lung field 
Systolic blood pressure was 100 urn Hg, and diastolic pressure 70 mm Hg Pulse rate 
was 110 with sinus rhythm The heart was not enlarged and no murmurs were audible The 
remainder of the physical examination revealed no abnormalities 

Laboratory examinations revealed a red blood cell count of 5 million per cubic nulli 
meter, hemoglobin 13 4 Gm per 100 c c, and leukocyte count 17,350 per cubic millimeter with 80 
per cent segmenters, 14 per cent band forms, and 6 per cent lymphocytes Unnalvsis yielded a 
specific gravity of 1025, no sugar or protein, and an occasional leukocyte on microscopic 
examination. 

Roentgenograms of the chest exhibited incomplete fracture of the nght fifth and sixth 
nbs with questionable fractures of the nght second and third nbs The superior cortex of 
these ribs appeared intact There was an approximately 00 per cent collapse of the nght 
lung as a result of pneumothorax (Fig 3) 

Under 1 per cent procaine infiltration anesthesia, a 22 French Foley catheter was in 
serted through the second intercostal space in the mid-clavicular line and attached to a water 
seal drainage bottle 

The patient continued to poor ont large quantities of air through the intercostal catheter 
Twenty four hours following insertion of the catheter he was found to have forced expirations 
and a respiratory rate of 50 per minute The trachea was shifted to the left, and the left 
lung was wet in spite of the patient’s effort to cough. His cough was productive of a small 
amount of bloody sputum 

On June 14, 1952, a right thoracotomy was performed through the Tight fifth inter 
costal space antenorlv There was a moderate amount of blood in the pleural cavity A 
large rent was found in the superior surface of the upper lobe which was approximately 
12 5 cm. in length and 5 cm. in depth The posterior segment of the lung was fairly firm 
and appeared to have a hematoma within the parenchyma of the lung No active bleeding 
could be demonstrated The wound of the lung was closed with interrupted silk sutures The 
lung could then be expanded well except for the hemorrhagic portion of the upper lobe and 
there was no demonstrable air leak. No evidence of bleeding could be found The pleural 
cavity was drained with two intercostal catheters, one anterior and one lateral. The pleural 
cavitT was irrigated well with saline, and the wound was closed in layers with interrupted fine 
silk sutures 

The patient had an uneventful postoperative course and was discharged on the seventh 
hospital dav The lung remained expanded The hematoma of the upper lobe gradually 
cleared over a period of about ten days, and since that time chest films have showed no oh 
normality of the lung 

SUMMARY 

1 Three cases of tiaumatic pneumothorax are presented, two cases without 
evidence of rib fracture and one with incomplete fracture of nbs 

2 Three eases of traumatic pneumothorax hare been presented which would 
substantiate the mechanism of injury suggested by Lmdskog and Liebow 


1 Hegner, Caster F Accidental Pneumothorax, Am Rev Tuherc. 14 aSR -503 in cm 
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PERIPHERAL BRONCHIAL ADENOMA OF MUCOUS GLAND TYPE 

CLINICAL AND P4TH0L0GIC ASPECTS 

Morris A Weinberger, M D ,* Sol Katz, M D ,** and Edgar W Dams, MD *** 

Washington, D C 

S INCE 1S82, when H Muller first described the tumor which has come to 
be known as bionehial adenoma, two majoi and opposed theories have heea 
offered to explain its mode of ongm Chuielull, 1 m 1937, noted a superficial 
lesemblance of bionehial adenoma to fetal lung and suggested that bionehial 
adenomas may be vestigial lobes oeeuinng in the bronelual wall This concept 
uas frill's developed by Womack and Ginham, 2 with the intriguing theon that 
most of the bionehial adenomas weie mixed tumors and had an 01 ganoid multi 
deimal ongm fiom undev eloped anlagen of the lung With the passage of time, 
howevei, the nuxed-tumoi theory has lost mans' adsocates and the arguments 
against it liase been convincing! v summarized bj Liebovv 3 m these woids “The 
common appearance (of the tumors) is not that of alveolated tissue, cartilage 
appeal’s to be engulfed 01 insaded latliei than foimed bs the tnmoi and such 
bone as is found occurs eithei fiom metaplasia of pre-existing cartilage 01 snthin 
the septa or capsule of the tumoi It does not seem to be a part of the neoplastic 
piocess ” 

The second majoi tlieois, suggesting that bionehial adenoma arises from 
the bionehial mucous glands 01 then ducts, was pioposed hi Reisnei 4 in 1928 
and Kramer 5 m 1930 Both vveie of the opinion that the tumoi cells moie closeh 
resembled the secietoiy ducts of the bronchial mucous glands than the alveoli 
and were probably denved from the former Numeious ini estigators 013 have 
concluded that bronchial adenomas of the carcinoid and cjhndioid types are 
denved fiom the bionehial mucous glands or their ducts The gieat bulk of 
evidence offeied in support of tins theon has been indirect and is summarized 
as follows 

1 The anatomical location of the tumor m the wall of the bronchus and 
the piesence of intact bronchial epithelium covering it strongly suggested origin 
from a structuie normally found m the bionehial wall The epithelial nature 
of bionehial adenoma would logicalh point to the bionehial mucous glands as 
the site of origin 

2 Bronchial adenomas appaientlj nevei aiose from small bronchioles m 
which mucous glands vv eie absent 

From the Department of Patholog} and the Pulmonarj Disease DIMsIon of the 
of Columbia General Hospital (Former!} Gallinger Municipal Hospital) and the Departm 
of Medicine and Surgery of Georgetown Unl\ersit} School of Medicine, 'Washington, V ^ 
ReceHed for publication Oct, 21 1954 
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••Chief Pulmonary Disease Dhision District of Columbia General Hospital 
•••Head of Department of Thoracic Surger> Georgetown Uni\erslt> School of Medicine 
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3 Some investigators have seen “transitional cells 51 nhieh were thought to 
bridge the gap between bionchial adenoma and the adjoining bronchial mucous 
Suds The neoplastic glands, however did not eloselv resemble the bronchial 


mucous glands 

4 The presence of mucus m some of the tumors, eitliei withm the lunnna 
of the neoplastic glands or withm the cvtoplasm of tumor cells, has lent some 
support for origin in the bronchial mucous glands It should he noted liow- 
evei, that the neoplastic glands containing mucus did not closeli resemble the 
noimal bronchial mucous glands 

Recenth, the first bit of direct evidence in support of the theom of origin 
from bronchial mucous glands has been ofteied bv Ramsev and Reimann 1 who 
reported a bronchial adenoma winch was clearlv of mucous gland origin In 
that tumoi theie was a striking lesemblance of the neoplastic glands to normal 
bronchial mucous glands TVe have recenth obsened a smiilai tumor These 
two cases of bronchial adenomas eleailv aiismg in and eloselv lesemblmg 
biouelnal mucous glands seem to piovide a missing pathogenetic link in the 
theory of origin of bronchial adenomas from bronchial mucous glands 


CVSE REPORT 


J H,a «G rear old Negro farmer (retired) entered the Di-tnet of Columbia General 
Hospital for the first time ou Nov 0, 1053, complaining of hematuria of eleven da's dura 
tion Historv and phvsical examination on admission revealed signs and symptoms of pros 
tatism of several rears’ duration The patient underwent a retropubic prostatectomy on 
Nov 17, 1°53 The pathologic diagnosis was benign nodular hyperplasia 

Chest xravs taken ou Nov 9, 1953, disclosed an unsuspected solitary nodular density m 
the right lung at the level of the third right anterior interspace (Fig 1, J nnd B) This was 
interpreted ns being due to either neoplasm or granuloma On Tan IS, 1954, the patient was 
readmitted to the District of Columbia General Hospital for resection of the solitarv com 
shaped lesion (noncalcified) of the right lung 

Additional historv disclosed that the patient smoked one pack of cigarettes a dav but 
denied anv svmptoms referable to the respirntorv system Tuberculin and lustoplusmiu skm 
tests were positive (1 plus) 

On Jan 21 1954, the patient was operated on and the operative note follows 


Operatue Xote —The skm incision was made on the right side along the fifth inter 
space The pleural envitv was entered through the fifth interspace without removal of a nb 
The nb spreaders afforded adequate exposure Examination revealed a 2 cm. bird firm nodule 
deeply embedded m the postenor part of the middle lobe The tumor could not be seen but 
could onlv be palpated There was no evidence of atelectasis The postenor part of the 
middle lobe wn« freed from the upper and lower lobes to permit accurate approximation of 
two clamps to permit a wedge resection The tumor mass was removed with a wide maTgm 
of safety The severed edges of the lung were then sutured vnth two tiers of 000 chromic 
catgut on an Atraumatic needle The first tier vras a continuous mattress suture and the 
second tier was a whipstitch No bleeding occurred and there was no leakage of air Upon 
section of the tumor in the operating room it was believed to represent a metastatic tumor 
of undetermined origin. No further resection was deemed advisable Positive nre-suro 
anesthesia was applied The pleural cavity was drained bv the water seal method The chest 
wall and panetes were closed m lovers under positive pressure anesthesia. 


Because granuloma was suspected a portion of the tumor removed surgicall, 
to the bacteriologist for cultural studies These were negative The remainder of th 
was submitted to the pathologist for gross and microscopic examination 
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Flg - —A Diagrammatic sketch ot bronchial adenoma of mucous gland tj pe. B Lor- 
powcr photomicrograph ot tumor Arrows Indicate remnants of the lining of the bronchus of 
origin. C>stlcall> dilated neoplastic glands are interspersed with smaller ones (X35 re¬ 
duced HO 
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Fig 3 



Fig 4 


Fig 3 —Enlarged photomicrograph of section A In Fig 2 B Belem are 
bronchial mucous glands covered by bronchial epithelium Above is a portion of 
bronchial part of the tumor also covered with bronchial epithelium Note the close resemDian 
of the hyperplastic mucous glands to the neoplastic mucous type glands above (Xl 5U r 
duced Vi ) 

Fig 4 —Higher-power photomicrograph from a more central portion of the tumor ^c 
the larger cystically dilated mucous tjpe glands and the smaller adjoining glands Tnevvu 
are basal flattened and pyknotlc, and the cytoplasm is foamy and rich in a mucicarm"*^ 
positive material Mononuclear cells are present in the connective tissue stroma widen su 
rounds the glands (X160 reduced %) 
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Gross Pathology—The specimen consisted of a wedge dmped portion of right nndaie 
lobe taken from tlie penpherv It menmred 4 hr 3 bv 1 cm Five-tenths centimeter benea 
the pleural surface there wa« a tan .lightlr trabeculnted, spherical tumor which measured 
2.0 cm. in diameter The cut surface was slightli moist nnd mucoid The tumor appeared 
to be well demarcated from the surrounding lung p-irenelivmn although no true capsule was 
seen. There was no apparent relationship of the tumor to adioining bToncln A frozen sec 
t W n was done because clmicaUr there urns a suspicion of metastatic carcinoma, po»sib1r from 
the previou'lv resected prostate gland The frozen section diagnosis was “metarfatic car 
cmoma, pnmarv site undetermined ” The paraffin section diagnosis was “bronchial adenoma 
of mucous gland tvpe ” 

llicroscopic Examination —Approsimatelr one third of the tumor lav within a dilated 
bronchus, while the remaining two thirds was intramural and extrabroncbial (Fig 2, A and ft) 
The endobronchial portion was polvpmd and covered bv pseudostratified ciliated columnar 
epithelium which was mostlv intact Beneath the lining epithelium of the bronchus and lvmg 
in its wall were hvperplastic occasionallv dilated mucous glands which were morpliologicallv 
indistinguishable from the mucous glands comprising the tumoT (Fig 3) The tumor was 
composed alm ost entirelv of mucous tvpe glands between which was a fine areolar connective 
tissue fairlv rich in mononuclear cells and containing lesser numbers of plasma cells and 
lvmphocvtes (Fig 4) The mucous glands varied in shape from round and oval to tortuous 
Thev all possessed lamina which contained vnrvmg amounts of a stnngv mucoid material 
staining pink with mucicarmme The lining of the glands was usuallv one cell in tluekness 
tall columnar epithelium, and the cells had basal muclei and abundant foamv cvtoplasm which 
stained intenselv red with mneicarmine The nuclei which rested on the basement membrane 
were small, pvknotic, flattened or ovoid, and clo«elv resembled the nuclei of the bronchial 
mucous glands Mitoses were not observed Mo ciliated cells were seen Tlun walled blood 
vessels were present but not m abundance Within the intramural portion of the tumor was 
a fragment of degenerating livaline cartilage, probablv a Temnnnt of the cartilage of the 
bronchus of origin. The tumor was separated from the surrounding lung parenchvma bv an 
Hi-defined capsule composed of condensed connective tissue fibers The small bronchi and 
bronchioles adjoining the tumor appeared somewhat dilated A portion of lung parenchvnm 
adjoining the tumor contained man\ alveoli which were filled with stnngv mucoid matenal 
resembling the mucoid material seen within the lumina of the neoplastic mucous glands 


CUlNTCOPATHOLOGIC ASPECTS 

Ve were able to find onlv one other ease m the htMature of bronchial 
adenoma -which n as pathologicallv of the mucous gland tvpe and identical with 

Table I. Cluucal aat> Pathologic Aspects op the Present Case Compared With the 
Ppevious Beported Case of Bamset and Behiann 


CASE Or RAMSET AND BEAMAN'S 


PRESEAT CASE 


Clinical Comparison 

Xrav atelectasis X rav com lesion 

Broncho'copv visualized Xo bronchoscopv 

feigns and wmptoms of infection (fever Asymptomatic 

general aching, etc ) 

66 vears old 

Bace White Bace ^egro 


Pathologic 

Tumor arose in main bronchus, nght lower 
lobe 

Tumor was entirelv endobronchial 

Tumor was 1 3 cm. in diameter and 
pedunculated 

Bronchial adenoma macoas gland tvpe 

Xeoplastic giands were ttncicarmine-stain 
positive (presnmptive evidence of mncnsl 


Comparison 

Tumor arose on small peripheral bronchus 
nght middle lobe 1 

One-tW of tnmor was endobronchial two 
thirds intramural and evtrabronclnal 

^unTnlL™ “ <3mtUeter 6113 n0a 

Bronchial adenoma, mucous gland tvpe 
Xeoplastic glands were mucicarmme stain 
-gg£Sl£ (presumptive evidence of 
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our case Tins is the case icported by Ramsey and Reimann in 1953 A com 
panson of the clinical and pathologic aspects of the two cases is summarized 
in Table I 

The clinical diffeiences may be ascribed to the difference m location of the 
two tumors The case of Ramsey and Reimann had clinical features yyhich ha\e 
been described in cases of adenomas located m laige bionchi, while the clinical 
aspects of our ease closely lesembled those desenbed in cases of lnonchial ade 
nomas arising in small bronchi The clinical and pathologic description of 
bionchial adenomas arising in small bronchi is a lelatnely recent eient and as 
late as 1948 Willis 10 stated, “Bronchial adenoma is almost imariabh situated 
m a laige bronchus close to the hilum, neiei in the periphery of the lung ” 

Maier and Fischer 10 haie reported fire cases of bionchial adenoma ansing 
in small bioncln and three yyeie clinically asymptomatic Good and Harrington 1 
reported 23 additional cases ansing in small bioncln, 17 of yyhich weie asymp 
tomatic All -were of the caicmoid tjTie These authors yyeie of the opmion 
that bronchial adenomas ansing in small bioncln close to the lulum of the lung 
weie more likely to pioduce symptoms than adenomas located at the periphery 

The roeutgenograpluc appearance of the tumor m our case (peripheral 
bionchial adenoma of mucous gland type) closeh lesembled the loentgeno- 
graphic appealance of bionchial adenomas ansing in small bronchi as reported 
by Maier and Fischer and by Good and Harrington The x-iay appeal ance was 
that of a “sohtary intiapulmonary tumor ” This designation is used to repre 
sent any lesion yyhethei neoplastic, inflammatory, gianulomatous, de\ elopmental, 
oi i asculai that is located yy ithin the lung and is round, or al, oi slightly lobu 
lated, yvith a smooth contoui sharply demarcated fiom the normal lung Our 
studies on approximately 200 cases have indicated the futility of attemptmg to 
estabhsh a piecise pieoperative diagnosis of a ciicumscnbed noncalcified mtra 
pulmonary lesion For this leason, the eaily use of exploratory thoracotomy as 
a diagnostic measure is used in all cases of noncalcified circumscnbed masses 
In a senes of 156 cases of solitary mass lesions of the lung reported by Good, 
Hood, and McDonald, 18 12 (8 per cent) weie bronchial adenomas 

CLASSIFICATION 

The currently accepted classification of bionclual adenomas into carcinoid 
and cylindroid groups does not include bionchial adenomas of mucous gland 
type The caicmoid tumors yyeie so named because of their resemblance to 
carcmoid tumors of the gastiointestmal tract, while the cylmdiomas denied 
their name from a group of benign sain ary gland tumors which they closely 
resembled This classification has been modified by Lieboyy to include an oncocy 
toid variant of carcmoid tumois and a mucoepidermoid variant of cylmdrom 
atous tumors Moreoyei, the literatuie on bronchial adenoma includes other 
“exceptions” to the current classification For example, refeience is made to 
a small lound cell variant of cylindroma 10 which lesembles “oat cell caicmomn 
Trvo othei ymnants of cydmdioma-basal cell caicmoma and epithelioma adenoides 
cystieum haye been desenbed by 7 Holley 7 ' 0 
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It seems that all bionclual adenomas aie channeled into either the ^lcinoid 
or cilindiomatous groups legardless of how well tliei fit t is qnes 1011 a) 
whether our knowledge of bionclual adenoma is abetted by lumping seieia 
pathologically heteiogeneous tumors into the caicmoid and cj bndiomatous 
groups We believe that an unproied pathologic classification of bronchial 
adenoma based upon a study of a large number of cases would be valuable 


MALIGNANCY OF BRONCHIAL ADENOMAS 


The tumor in oui case was unusually well differentiated into mucous type 
glands and appeared to be entirely benign No regional lymph nodes were 
available for histologic study and no nodules were felt in the lungs at the time 
of opeiation Ramsey and Reimann belieied that their tumor was also entirely 
benign Opinions regarding the degiee of malignancy of bionchial adenomas 
of the caicmoid and eylmdiomatous types nm to extremes Foi example, 
Womack and Graham legarded many of them as potentially malignant and 
believed that some of the bionchogemc caicmomas aiose m pre-existing adenomas 
by mahgnant transfoimation Wessler and Rabin 21 and Rabin and Neuliofy 
on the othei hand, regarded most bronchial adenomas as benign lesions 

According to Moerseh and McDonald, carcinoid tumors compiise 90 pei 
cent of bionchial adenomas and cylmdiomas comprise 10 pei cent A diffeience 
in the lelatn e malignancv of these two gioups has been postulated by McDonald 23 
on the basis of a greater infiltrative tendency on the part of the cylmdiomas, 
and McBurney, Kiiklm, and Woolner 21 found that cylmdiomas metastasized 
three times as often as carcinoid tumors Liebow, however, has pointed out that 
only a \erv few instances of distant metastases of the cyhndroid variety have 
been leported, and he indicated that moie data are needed befoie the question 
of the relative malignancy of the caicmoid and cvlmdroid types can be decided 
Recently McBurney, Kiiklm, and Woolner reviewed all reported cases of 
“metastasizing bronchial adenoma ” They were able to find 87 cases, of which 


46 showed regional node metastasis only The remaining cases had metastases 
in order of frequency to the liver, opposite lung, ipsilateral lung, pleura, esoph¬ 
agus and other mediastinal structures, bone and miscellaneous organs including 
brain, kidnej, and adienal gland The incidence of metastasis of all reported 


cases was 10 per cent The authors did not include data with legard to duration 
of life following discovery of the tumors and post-mortem findings with regard 
to the extent of tumor dissemination and the cause of death We beliei e that 
these data are important m evaluating the degree of malignancv of bionchial 
adenomas The authors contributed nine cases to the study and none of these 
included pathologic matenal or data fiom post-mortem examination 

The definition of mabgnanci m cases of bionchial adenoma has been a 
source of great confusion Many pathologists and clinicians have considered 
metastasis to the regional lymph nodes as positue emdence of mabgnancv even 
though most cases of this tvpe lime had as benign a clinical emmse as cases 
without regional lymph node metastases We believe that “malignant bronchial 
adenoma should be defined as an adenoma which will metastasize rW 0 

and ei entually cause death by metastasis distantly, 
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The recognition of bionchial adenomas which metastasize distantly and 
cause death by metastasis is beset with many difficulties Many of the published 
leports of “metastasizing bionclual adenoma” are deficient m one or more of 
the following data (1) post-mortem findings to establish the metastasizing 
bionchial adenoma as the cause of death, and to rule out (a) a bronchogenic 
carcinoma ansing elsewheie in the lung and (b) an extra-pulmonary malignancy 
undetected duung life, (2) photomiciogiaplis histologically comparing the 
original biopsy with distant metastases, (3) review of the pathologic material 
by one oi moie independent pathologists to establish concurrence in the intei pre 
tation of the biopsy or autopsy matenal, (4) duration of life following the 
discoveiy of the tumoi 

In conclusion, we bekeie that many of the cases published as examples of 
malignant bionchial adenoma aie incompletely documented and, therefore, the 
exact mcidence of malignant bionchial adenoma remains undetermined Carlens 
and his associates 2 -' m a leeent lepoit of 70 cases of bionchial adenoma have 
come to similar conclusions 


TREATMENT 

No definite conclusions legal ding the treatment of bronchial adenomas of 
mucous gland type aie possible on the basis of two cases Our case was treated 
by wedge resection because of the peiiplieral location of the tumoi and Ramsey 
and Reimann’s case was treated by segmental resection of the light lower lobe 
because of the central location of the tumor 

We belieie that the treatment of choice m cases of bronchial adenomas of 
mucous gland type is conservative surgery since the tumois appeal to be entnelv 
benign histologically The type of operative procedure chosen would depend 
upon the location of the tumor lather than upon the pathologic subtype 
Peripheral tumors may be removed by wedge lesection, while cential tumors mai 
be removed by segmental resection, partial or total lobectomy 

SUMMARY AND CONCLUSIONS 

1 A case of bronchial adenoma clearly arising m and closely lesemblmg 
bronchial mucous glands is reported The tumor was located at the periphery 
of the light middle lobe and aiose m a small bronchus 

2 The histologic appearance of this tumoi lends direct support to the theory 
that bionchial adenomas of the carcinoid and cylindroid types arise in bionchial 
mucous glands Most of the evidence pieviously advanced to support this tlieorj 
has been indirect 

3 Bronchial adenomas arising in small bronchi are usually asymptomatic 
and are more readily detected by x-iay than by bionchoscopy 

4 Bronchial adenomas of mucous gland type do not readily fit into the 
current classification of bionchial adenomas, and othei exceptions aie noted. 
Theie exists a need for reclassification of bionchial adenomas 
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5 Bronchial adenomas of mucous gland type appear to he entirely benign 
The exact incidence of “malignant” bronehial adenomas of the carcinoid and 
cvlmdroid types is undetermined Many cases so reported are incompletely 
documented 

6 Treatment of choice m bronchial adenomas of mucous gland type appears 
to be wedge resection, segmental resection, 01 total lobectomy, depending upon 
the location of the tumor with lespeet to the hilum of the lung 

We wish to thank Dr Samuel H Bosen, Chief of Section of Pulmonary and Mediastinal 
Pathology, Armed Forces Institute of Pathology, Washington, D C, for his many helpful 
suggestions and criticisms 
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THE SURGICAL MANAGEMENT OP FUNNEL CHEST 

P F Hausmann, M D 
Milwaukee, AVis 


S INCE the compiehensne review of the hteiature on funnel chest hv Ochsner 
and DeBakey 1 in 1939, the attention of many surgeons has been directed to 
the problems of etiology and therapy of this deformity Biown m 1939 first 
championed the cause of the In perti opined substernal ligament as an etiological 
agent, although such a structuial defect had been noted by Spitzy, 2 Hofbauer, 3 
and Hutchinson 4 many years preuously It was Blown 5 who first described 
the minor ligament cutting opeiation which could be employed successfully in 
infants, as well as a more extensn e cartilage severing operation m the larger 
defects of older childien and adults The papers of Lester 6 8 have very clearly 
outlined details of the surgical conectne teelmique which in our hands has 
proved very satisfactory and effeetne, and which we hare employed with a few 
minor modifications o\ei the past seren years 

Various other papeis 911 ha\e leported the expenences of other surgeons 
yvith small series of cases employing essentially similai operatise techniques 
with the usual minoi modifications It appeal's that there is rather unisersal 
agreement that the deformity is not as uncommon as once thought, that there 
is an hereditary factor in the etiology, although some cases occur -without familial 
history' of the deformity, that the deformity is usually present fiom birth, 
although it does not progress in some instances, and that small deformities can 
be corrected by a simple operation at an early' age It has been shown 1 14 that 
there is definite impairment of pulmonary' function m some instances yvluch can 
be conected by' surgery, and that cardiocnculatory impanment can be produced 
by' extreme degrees of defoimity especially in the oldei age gioup These, too, 
can be improved by correcting the sternal abenation 

It is obvious, therefore, that furthei reports of small senes of successfully 
treated cases can be of no great value to students of the funnel chest problem 
because it has noiv been adequately demonstrated that there is need for the 
coirective surgery, and that it can be performed unreersally with success an 
with negligible mortality 

It has been our conviction from the time of the early reports that the mos 
confusing aspect of the entire problem has been that of the proper selection o 
cases and the optimal age for operation In other woids, which cases sho 
yve do, and when shall yr r e do them? That pioblem can be iesohed only bv ° 
serration of laige senes of eases, of those operated upon and those not opeiatec 
upon, observed or er a period of y ears 

It has been a umveisal expenence, I am sure, for surgeons all oier m 
country to be confronted by a vanety of infants with a variety of degrees o 
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thoracic deformitv ranging from dimples to deep depressions One does not 
ordinanlv advise snrgerv in a verv voung infant with a verv small detect an 
is rewarded bv the disappearance of the dimple in about one-half o t rese pa 
tients and chagrined bv the steadv growth deepening and widening of the 
defect in others The question then is Does one do 50 pel eent unnecessanlv 
or denv snrgerv nnnecessaiilv m 50 per cent onlv to regret having procrastinated 
and tlins having lost the opportunitv to perform a simple operation instead of 
the large operation entailing resection of a greater number of costal cartilages 
We have not been able eesilv to ioretell at the age of one month which small 
defect was going to enlarge In the case of the obviooslv laiger defects there 
is no problem As Brown 15 has stated these cannot be done earlv enough and 
oecasionallv the small operation with resection of no cartilage will suffice L T n- 


forfnnafelv we have encountered onlv two ideal eases foi the small operation 
In the others the deformitv was either too small to warrant snrgerv 01 so large 
that the more extensive operation was mandatorv even at a verv earlv age It 
has been our experience that infants do not tolerate the extensive resection ol 
costal cartilages neeessarv in the performance of the large opeiation, even with 
adequate fixation of chest wall with anterior struts It has been seen from onr 
senes of eases that detornuties classified as moderate to laige in size during the 
first months of life do not ordinanlv increase in size appreciahlv bv the first 
vear and delav of snrgerv until the infant has reached the age of 12 months 
does not ordinanlv necessitate a more extensive operation than would onginallv 
have beeu neeessarv The resiheucv of the costal cartilages prior to the age of 
5 vears allows the chest wall to assume rathei noinnl contours once the sternum 
is elevated We have not encountered fixed sternal deformities prior to the age 
of IS months If the deformitv is markedlv svmptomatic or increasing rapidlv 
in size snrgerv is promptlv performed 


It has been our observation that the infants under 12 months of age with 
small defects can be classified roughlv into those without upper resprratorv 
obstruction and those with obstruction m the foim of congenital hvpoplasia of 
the larvnx. congenital stridor hvperhopliv of lvmphoid tissue (tonsils adenoids 
etc ) or other causes It is ahsolutelv mandatorv as Lestei' stated that such 
obstruction be relieved before correction of the tunnel chest is attempted If 
repair ot the tunnel is done in the presence of lespnatorv obstruction, the 
likelihood ot recurrence of the deformitv is great In a fair proportion of those 
children with small deformities there will be some diminution m size of the 
deformitv once the obstruction is relieved In at least two of our nonoperative 
cases there has been sufficient diminution m size to warrant abandonment of the 
decision to perform snrgerv 

Ou the other hand our \erv first ease demonstrated that restoration of the 
normal mechanism of reap,rat,on hr repair of a funnel deloimttv pas neeessarr 
before a 6-neeh-old tnfant pttb larvngeal strtdor ronld breathe snffieten, r "u 
to he .amoved from an oxsgeu hood Paradoxteal mot,on of the thorax ™ 
marked There pas ,F,g 1 J and B) contract,on of the toper thorax ™d 
both costal arches as pell as tetraetton o, the sternum on 
opera,mm Immediate* alter resect,on of the setenth and emhth c„s ear 
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B 

Fig 1 —A Photograph of the funnel chest deformity of a stx-week-old of 

unable to maintain oxygenation out of an oxygen hood prior to operation B r'noioe * 
child shown in Fig 1 i ho months postoperatlyely 
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tilao-es bilaterally with section of a hypertrophied substemal ligament the para¬ 
doxical motion ceased, and with lirpercxtension of the neck, the child mas able 
to breathe normally In this instance, it mas felt that the operation mas life¬ 
saving in that it provided adequate respiratory exchange for the first, time since 
birth 'We have had no other cases m which the changes eieated bv operation 
were so dramatic, although the paradoxical movement of the lower thorax is 
markedlv diminished in all cases immediately following correction of the de¬ 
formity In this regard, it may be well to mention that stripping the antenoi 
diaphragmatic insertions downward from the penochondnal beds of the resected 
cartilages of the costal arch seems a most important part of the operation and is 
the most eftective maneuver m the reduction of diaphragmatic tug on the costal 
arch and lowei thorax theiebv gieatlv lessening paradoxical motion Eien 
though paradox did not disappear immediatelv m all instances, it was no longer 
present bv the time the child was discharged fiom the hospital—a period usually 
not exceeding two weeks 

The presence, absence, or degree of paradoxical motion of the lower thorax 
has been one of the influencing factors in reaching a decision whether to recom¬ 
mend surgery or not in the vounger infants In those infants having small 
defects, with little or no paradox, it has been our policv to withhold surgery 
and to observe the infant at monthlv intervals, carefully measuring the sire of 
the defect In over 50 per cent of these infants the defect disappeared It was 
found that without exception the greater the degree of paradoxical motion, the 
more likelv the defect was to persist or to enlarge This observation corroborates 
Sweet s 16 impression on reporting his first two cases In those cases m which 
the defect was found to remain stationary operation was postponed until after 
the first rear of life In those cases in which there was appreciable increase m 
the size of the deformity, immediate suigerv was done We have been so im¬ 
pressed bv the relationship of paradox to the continued growth of the defect, 
that we have recentlv come to mge surgerr upon everr infant with small defects 
who demonstrated marked contraction of the costal arches on inspiration. This 
attitude has resulted from the fact that in no instance m which there was 
marked paradox did the defect remain stationarv All of such defects con¬ 
tinued to enlarge over the period of observation This factor will undoubtedlv 
result in a larger percentage of earlv operations in our senes m the future 
(There have been onlv five under 6 months to date, as contrasted to ten in the 
6- to 12-month age group ) 


Aftei the date on which Lester 6 stated that paradox is present m these pa¬ 
tients even when an endotracheal tube is m place, we have routmelv taken a 
moment or two before beginning operation to note that this is universally true 
although paradox is not quite as marked m the anesthetized intubated patient 
ns it is when the child is awake and sitting erect 

We have not encountered fixed deformities of the sternum m the am; gronn 
under - vears other than the sharp angulation of the xiphoid proce^ ^This 
process has been resected of necessity m almost all instances iter this ag 
fixed deformity of the sternum of some degree is the rule and must h.Z n 
I. * aW needless ,« repeat ,„e .Wat™ Mga '^ p^etX 
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has been made many times befoie, namelj the lound shonldeied, potbelhed 
piofile which accompanies the sternal defoimitj which becomes noticeable as 
soon as the child assumes the upright habitus and which becomes more stnk- 
mgh appaient with each passing month 



Fig 2—PhotogTaph of a child ha\ Ing a marked trans\erse groo\e deformity accompamlns a 

funnel depression of the sternum 


In some instances there aie, in addition to the sternal depression, trans 
terse grooves and ndges of the thoiax wInch must be dealt with by the resec 
tion of longei sections of costal cartilages and ribs (Pig 2) 

The purpose of this paper is to report oui obsenations on 51 operative 
cases, and ten cases upon whom operation w r as judged unnecessary at first evami 
nation 

Bisk of Operation —There weie no opeiatne deaths Only one complication, 
m the form of a minor w ound infection, w r as encountered m the senes 

The age incidence of surgical cases is tabulated m Table I It is seen that 
the largest number of surgical procedures were done in the age group between 
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6 months and 2 years As has been mentioned, it is om opinion that the ideal 
age for smgerv is between the twelfth and twenti-fourth months Piobabli the 
hulk of operations done m the futuie will be done upon this age group At 
this age the child appeal's to be able to better toleiate anesthesia, as well as the 
paradoxical lespiration that occurs following removal of costal cartilages and 
sternototm The fixed defoinuties of sternum hate not let occurred at this 
eailv age, and so waitmg until the child leaehes this age does not necessitate 
a more extensile procedure 


Table L Age Ixcidexce 


AGE 

XUiCBEK 

Under 6 months 

5 

C 12 months 

10 

1 2 rears 

13 

2 3 rears 

S 

3-4 rears 

5 

4 a rears 

0 

Over 5 rears 

10 

Total 

51 


TYPE OF OPERATION 


The simple ligament-cutting operation was done in onli two instances, both 
m children not over 4 months of age One of these patients was described above 
—oiu first patient m the series m whom paradoxical motion of the thorax uns 
so niaiked that pnor to operation the child could not be lemoned from the 
oxigen tent Following the simple operation, respnatorv movement became 
unmediateh more eftectne, and the child has undergone lemaibable giowth 
and development (Fig 1, B) 


The onli otliei simple operation was peifoimed upon a 4-month old infant 
with a small defect The operation upon this patient w as done eaih in the sei les 
and probably at. the piesent time the patient would be observed until the aye 
of 1 veai In this instance a portion of the defoimed costal arches w as lemoi ed 
bilateralh The child has done well 

In forti-nine other cases the extensile subpenchondnal lesection ot costal 
carti ages has been done All of the deformed cartilage—sometimes tins m- 
ioies lesection of the entne caitilagmous portion—of the nb was lemoied 
ic number of cartilages removed depended upon the numbei imolved m the 
defoiimt! and iaued from segments of three to six or seven cartilages lnlat 
eialh Fe have been particulaih caieful to i emote all of the^nvohed 
port»„ of each cartdaoe, prefe„ mg an raess tL » m 

sufficient amount since regeneration piomptlv takes place if siibverwhnnA i 
mart,on ,s doae, and rtab.hh of the cheat wall returos “ a oT, a 

in almost all instances This proceduie we feel i,no i „ * eu dfns 

m eliminating the neeessiti for second operations fo^eciuient^def i^T' 
There hare been no lecuiiences in tlie'entire senes of cases 411 defolm iti 
obsened at least icaih The longest penod during whTch fl "Z T f ^ 

under obseriation is set on tears am ea se has been 

4Ve heliC!e that it is extiemeli lmnmtnnt ra - 
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and adequate stability of the chest wall is assured in less than two weeks, second, 
by judiciously placing sutiues in the penchondiium of lesected ribs the shape 
of the chest wall can be altered within limits so that external fixation of the 
sternum is scarcely necessary to ensme regenciation of cartilage in the corrected 
position In other woids, the shape given to the anterior chest vail by carefully 
placed sutures in the perichondrium vas made permanent by cartilaginous 
regeneration 



A 

Fig 3—A Photograph of the chest of a four-jear-old child two -weeks nf f er 
shewing adequate correction of the deformitj D Photograph of same child aa In t IB * » 
t\vo jears postoperative!} showing apparent recurrence of the funnel deformity due 
poor posture C Photograph of the same child as Fig 3 A and B two months alter pHys 
therapy in the form of posture training breathing and shoulder exercises showing uisapp 
anco of the deformity apparent in Fig 3 B 

Another factor which we have felt to be of great importance m avoidance 
of lecurrenee of the funnel deformity is postopeiative physical therapj in the 
form of breathing exercises, posture training, and shoulder exercises Of course, 
all of these measures cannot be instituted in the very young age group because 
of lack of cooperation, but shoulder exercises and posture training can be accom 
plished even m the 2-yeai-oId The potbellied, lound-shouldered habitus of the 
child with funnel chest has been described many times, and it has been our 
experience that the round shoulders and potbelly often remain a long tune after 
the funnel has been coirectcd Fig 3, A-C shows a child, 2 weeks postoperative^ 
(A), two years after resection ( B ), and seveial months aftei postme training 
had been remstituted (0) In this instance the lefemng pediatrician had re 
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Fig 3 B and C (Sec legend on opposite pa^e ) 


turned the patient to us for consideration of a second operation As can he seen 
from the photographs simple exercises were the onh measures necessan to restore 
the normal appearance of the chest There was, in this instance, no deformitv 
of the regenerated cartilages Phvsical therapv will not, of course, correct 
deformed cartilages and is of no -value when such deformities exist 
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ANESTHESIA 

Intratracheal light plane anesthesia with geneious amounts of oxygen was 
employed m all cases as has been oui piactice m all tlioiaeic surgery at Mil 
waukce Childien’s Hospital We have encountered no larjngeal edema attnbut 
able to the tube in any case and have felt extra secunty in the knowledge that 
the anesthesiologist was adequately prepaied foi the raadveitent opening of 
the thoiax which occasionally takes place in these operations Although positive 
pressuie can be given with a tight-fitting face mask, ye have alwajs felt that 
an intiatiacheal tube was much moie adequate 

AGE AT OPERATION 

It can be seen fiom Table I that ovei 50 pei cent of oui patients were 
opeiated upon pnoi to the age of 2 yea is Operations upon the older age groups 
do not lepiesent postponed suigciy in any case, but weie done latei in life 
because the patient was seen foi the first time at the moie advanced age The 
oldest patient in the series was 29 years old, operation was done because of lm 
paned respiratoiy leseive The icsult was satisfactory but not spectacular, 
and tlieie is some question as to the impiovement m respiraton function 
Maximum bieathmg capacity incieased fiom 75 to 95 liteis pei minute (scarceh 
a spectacular improvement, but the patient is subjectivelv impioved) 

SUBSTERNAL LIGAMENT 

Hypertiophy of the substemal ligament of significant degiee was noted in 
only thirteen cases in this senes Thickening of sufficient magnitude to cause 
abnormal traction on the lower sternum was observed m only five cases A 
sufficient amount of thickening to wan ant the term hypertiophy was noted m 
eight other cases In thirtj-eight cases theie w r as no appieciable thickening or 
change in the ligament which diffeied fiom the structure observed m autopsy 
specimens of similar age It is difficult, theiefoie, to attribute the deformity 
to the pull of this ligament on the sternum It lias seemed to us that as Sweet 10 
has suggested, “the deformity is primarily skeletal ’’ It appears that there 
is actually an overgiowth of costal cartilage which in its growth has foiced 
the sternum backward toward the spine in the case of funnel chest, and which 
in the allied condition of pigeon breast has forced the sternum antenorly (Fig 
4, A and B) Following resection of the deformed cartilaginous segments, the 
maneuver of elevating the sternum to its normal position reveals that the lateral 
sternal borders aie almost, if not actually, in contact with the ends of the un 
resected cartilaginous or osseus rib (Fig 5, A and B) This observation would 
tend to give weight to the concept that the deformity is caused by an ov ergrowth 
of cartilage rathei than by ligamentous or muscle “pull ” Theie is almost a 
superfluity of length of peiiosteum which has covered the deformed resected 
caitilage This is usually icefed or “gathered” m the course of the repair, 
thereby elevating the costal arch and suspending the anterior chest wall from 
the upper resected nbs m such a way that the wall is quite stable even before 
regeneration takes place When legeneration does pi ogress, it proceeds from 
the pericliondnum and peiiosteum of the leseeted ribs now lying in the cor 
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jr[ c 5 — A, Diagram of a cross section of the thorax showing deprMjrion^of,^ 

sternum and indicating between the broken line the amount of costal fartnas® .. PO j g. t rans 
Throws Indicate the distance *hlch the rtemum will be n»wd »nlteriorbr foHowInir of 
V A rfl n osteotomy B Diagram of a cross section of the thorax sno^ ins wit ^ osteot 

&temum follow lng resection of deformed costal cartilages bilatendlj trans\ lateral sternal 
5my and elation of the sternum to the corrected position Note= that the lateral ^ 
margins are almost In direct contact with the short remnants of costal cartllng s an^ with 
cases w here the entire length of the costal cartilage has been resected are in cm 
osseus rib 
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rected position Although no secondary operations were performed which would 
allow direct inspection of the regenerated cartilages, examination of these car¬ 
tilages by palpation would indicate that the regenerated segments are some¬ 
what tortuous as a result of the Teefing, but that the contour of the chest wall 
approaches the normal It is felt that the tortuosity of the regenerated seg¬ 
ments adds stability to the chest wall 

AFTERCARE 

It is not sufficient merelj to correct the costochondral and sternal defects 
bv resection In those children who hate assumed the round-shouldered, pot¬ 
bellied posture it is important to institute postural training, breathing and 
shoulder exercises which are calculated to encouiage throwing back of the 
shoulders, elevation of the thorax and diaphragmatic rather than abdominal 
breathing These exercises are begun on the third or fourth day following 
surgert and are continued for a anable periods until such time that the child 
overcomes his tendency to slouch with consequent dorsal kyphosis and pro¬ 
tuberant abdomen 

A course of physical therap\ is given m each ease until discharge of the 
child from the hospital, and his exercises are continued at home under the direc¬ 
tion of the mother until the child has acquired the halnt of maintaining proper 
posture 

ux operated cases 

During a period of seven a ears, ten children were seen on whom surgical 
correction was not deemed advisable (Table II) Two of these had congenital 
larvngeal stridor It v, as felt that the defornutA of the chest avss secondary to 
the stridor In both of these patients seen at the age of 1 month and 17 months, 
respectiA elv, the deformity subsequent^ decreased m size to nonsurgical pro¬ 
portions folloAVing relief of the stridor 


TABLE n tJXOPEEATED CASES 


AGE AT FBSST 
CONSULTATION 

1, 

1 month. 

2 

IT months 

9 

o 

1 month 

4 

1 month 

o 

1 vear ' 

0 

2 rears 

7 

5 vear= 

s 

2 months 

9 

9 months 

10 

2 rears 


REASON FOB DELAY Or OPERA TION 
Larvngeal stndor 
Larvngeal stndor 

Defect too large foi simple operation 
Too voting for large operation 


Defonmtv too small to warrant surgery 

Exstrophy of bladder 
"Celiac disease” 

Tetralogy of Fallot 


PRESENT STAT US 

Minimal defonmtv 

Jlunxnal deformity 

Minimal deformitv 
ilmimal deformity 
Minimal defonmtv 
Minimal defonmtv 
Deformity still present 
Deformity still present 
Deformity still present 


In the case of two infants seen at the age of 1 month with moderately large 
cfects, on Avhom the larger operation seemed mandatory, surgery ivas to he nnvt 
7f ^ th, age of 1 vear (the , g e 

ideal for the larger operation) Surprisingly, on the follow-up examination at 
tl,c a 5 e of 1 rear, the defects had decreased to sueh aa extent that 
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surgery had better be postponed until further observation had established 
whether the improvement weie going to continue Both are now over 2 years 
old and appear to have only minimal deformities 

Tlnee childien, 1 year, 2 years, and 5 years of age, respectively, with very 
small defects vv ei e obsei ved ov ei a period of sev eral v eai s The deformity did 
not mciease m size m any of these, and although surgery was offered for purely 
cosmetic reasons, it was lefused by the parents 

Tlnee infants who had additional seveie congenital defects (tetralogv of 
Fallot, exstrophy of the bladdei, celiac disease) are still being observed, and 
corrective measuies will piobably be taken when and if the otliei problems are 
resolved 


SUMMARY 

Obser vations gained fiom the study" of fifty-one opeiated and ten non 
opeiated eases of funnel chest aie presented This group of cases substantiates 
the fact that morbidity and mortality' of suigieal correction aie negligible The 
collective suigieal technique is fairly well standardized and productive of very 
satisfactory' lesults in most instances 

The entena for proper selection of eases foi opeiation with particular 
reference to the ideal age and the type of operation indicated are discussed 
The etiological role of the substeinal ligament is discussed In the light of our 
inability' to demonstrate hypertrophy' of this structure in most instances, we 
have been led to conclude that the defoimity' is pnniaiily skeletal, due to an 
overgrowth of cartilage latliei than to abnormal stresses on the skeleton by 
hypertiopined ligaments and diaphragmatic muscles Observations wduch led 
us to this conclusion aie presented 
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MANAGEMENT OE THE POSTRESECTION SPACE IN TUBERCULOSIS 
I Following Segmental and "Wedge Resection 

John W Bell, M.D 
S UNMOUNT, N T 

T HE past five veais have seen a progressive inciease m the popularity of 
simple excision for residual tuberculous lesions 1 Their characteristic loca¬ 
tion in the apical, posterior segments of the uppei and superior segment of t e 
lower lobes makes lesection of these segments a common piocedure 

Treatment of a restricted pneumothorax, occurring after segmental or 
v edge resections of the lung is far from standardized Few published reports 
dealing with this specific pioblem are aiailable 6 It would appear, howevei, 
that current methods of treatment are not uniformly satisfactory 

Since 1951, this institution in cooperation with sea eral others, has been en¬ 
gaged in the systematic resection of lesidual necrotic foci Late m 1952, our 
attention was directed to the high relapse rate occurring in patients with 
annular shadows persisting after long-term chemotherapy had been discon¬ 
tinued ' Our surgical program then expanded to include not onh the landom- 
lzed closed-negatn e group, but the so-called open-negativ e and the usual num¬ 
ber of open-positive and salvage cases 

As a result of this rather systematic and consecutive experience with re¬ 
sections, we have accumulated m the past thiee years a moderate number of 
cases on uhich the present studv is based. This report covers a three-year 
penod, Aug 8, 1951, to Aug S, 1951, during which 308 thoracotomies were 
performed on 292 patients This survey includes onh segmental and wedge 
resections Study of residual mtrathoracic spaces of those patients who had 
lobectomies alone, lobectomies plus u edges and segments, or pneumonectomies 
will be presented ui a future leport 

Following resection of anv volume of pulmonary tissue, no matter hotv 
contracted or functionless, a space is created which demands filling by adja¬ 
cent paienchvma In most instances of segmental and wedge resections when 
the adjacent lung is relatrv ely normal, space occupation is not a problem The 
relative expansion of the lemaimng lung mar oi mav not be associated with 
physiological deficit Using current methods of estimating pulmonary func¬ 
tion, Oiei holt and his associates 5 « found very bttle over-all change compared 
to preoperatne rallies This is, in part, due to the fact that essentially fune 
tionless tissue is remored Since, m the diseased area, rentilation is reduced 
almost equally with cndilation and oxTgen uptake, minimal adjustment is 
nccessarr in the postoperatn e period J J Hirdes,™ comparing the functional 

From the "Veterans Administration Hospital Sunmount. X V 
neceHel for publication Oct. 27 IS 54 
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sequelae of lobectomy and segmental icseclions, found thcie was little differ 
cnee Factors, such as the oecimcnce of postopeiative hemonhage or the for 
mation of a limiting fibrinous exudate over a law lung suiface, may be much 
more impol tant than the actual amount of tissue 1 emoved 

Our definition of a postrcseetion space is a local or restricted pneumo 
thorax eharaeteri/cd by the absence of lung markings on x-ray Since space 
occupation may be merely a mechanical pioblcm, depending on the lelatnc sue 
of the residual space and ability of the lemaining lung to expand, we haie 
recogm/ed two groups of space pioblems foi the purpose of treatment and 
prognosis 

Jt has been stated that a persistent postiesection space was tantamount 
to a bronchial fistula and nas, therefore, always a positive space Aspiration 
of many of these spaces has shown them to be essentially neutral, 01 even 
slightly negative, by manometnc piessuie deteimination Failuie of such 
space to fill eluting the eatly postopeiative peiiod suggests that either the ad 
jacent lung is restiictcd by a plastic membrane 01 intrinsic fibrosis of the lung 
is preventing expansion It has also been obscivcd that segments adjacent to 
those involved with filnotic tubeiculosis may have undeigone near maximum 
distention and caily emphysematous changes as a consequence of the contrac 
tion of then neighbois If these segments aie salvaged as space fillers, and ve 
make evciy c/Toit to letain disease free tissue, then capacity for distention 
may be limited 

In addition to the absence of positive piessuie m these spaces, clinical 
observations do not suggest Inonchopleuial fistulas These patients are asjmp 
tomntic and a study of senal radiograms leveals that the majority of these 
spaces sin ink and aie eventually leplnccd by oiganwed fibrinous exudate 

Tbe second gtoup of space pioblems aie those with unequivocal evidence 
of bionchnil fistula As a rule, it is not neccssaiy to utilize piessuie dcteimma 
tion in the 1 ecognition of these pneuniothoi aces These patients have a chionic 
imitative cough, usually pioductne of sticaking with fiank old blood 01 sail 
gmnopurulcnt sputum The space, as seen by loentgenogiam, lathei than 
decreasing m si/e, ehaiactcnsticully balloons as much as intrathoracic relations 
will permit 

Approximately one patient out of five expci lcnccs tinnsient space pi oh 
lems We have had this complication in G1 patients (20 pei cent) invoicing 
308 pulmonary lesections (Table I) 

It is of interest to correlate the disease status of these patienls pnoi to 
operation with the occuuence of a postopeiative space The majority had 
minimal to moderately advanced fibiocavitary tubeiculosis About half of the 
gioup had no evidence of lemaining canty by senal plamgiams, while the re 
mainder wcie opciated on because of a persistent annulai shadow Again, 
the majonty (40 or 83 per cent) had achieved sputum conveision prior to re 
section as a result of piolonged chcmotheiapy (G to 0 months) 

As most of this gioup had susceptible oiganisms, enily oi late tubcicnlous 
complications wcie not anticipated Three patients (0 3 per cent) had posttne 
cultuies fiom a postoperative space One followed a decoitication in which the 
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Table I. Ix trathoracic Space Problems Following Segmental and 'Wedge 
Hesections (308 Operations) 

Aug 8, 1951 to Aug 8, 1954 



CAVITY 


1 



DATE OF SPACE 


STATUS 

1 SPUTUM BACT 



APPEARANCE 

NO OF 

PEFOPERA 

preopera 

LOCATION OF 


POSTOFERA 

PATIENTS 

TIVELY 

TI\ ELY 

SPACE 


TIVELY 


61 

Closed 29 

Neg 

49 

Apical pneumothorax 
Apical Hvdropneu 

41 

1st ivk 

49 


Open 32 

Pos 

12 

■ 

motliorax 

Apical Hemopneu 

1 

2nd wk. 

9 





motkorax 

8 







Lateral pneumothorax 

3 

40 d 

1 





Basal pneumothorax 

3 

OVi mo 






Total pneumothorax 

2 






Combined (Apical and 


3 vr 

1 





basal pneumothorax) 

3 







Recurrent combined 

1 




patient had had a positne pleinal effusion pieopeiatrvely The lemaming tw o 
ueie only single colony giowths and did not piesent anj clinical problem 
Seteral of the most tioublesome compbcations occuned m the elosed-negatiye 
oi so called taiget point patients It is oui impiession that the foimation of 
a postiesection space is Iaigely a mechanical phenomenon and has no direct 
i elation to the state of the patient’s disease \Ye are m complete agieement, 
houerer, with the eiei-piesent dangei of bionchopleural complications m the 
open positiye patient v, r ith resistant organisms 31 


Location of the peisistent oi leeunent pneumothorax y as apical oi apical 
posteuoi m 41 cases (67 pei cent), paiallehng the resected aiea (Table I) 
It may be mentioned that ye routinely use ty o thoiacotomy tubes The tubes 
aie placed on 12 to 18 cm of negatne piessure The 8 cases of hemopneumo- 
thotax yeie of minor extent, consisting of apical hematomas or blood caps 
Resection of the supenoi segment, oi wedges fiom the louei lobe is pi one 
to lesult m a lateial pneumothoray or basal supradiaphragmatic space In 2 
patients, the lung expanded an ell, but aftei serenty-tuo hours a total pneumo- 
ioi ax y as noted Both had fibrotic emphysematous lungs u hieh wei e almost 
incapable of sealing peuphei al leaks 

Theie w ei e thiee instances of bilateial pneumothorax Reuiey of those 

“” 8 thafthe ^ perf ° rmed for aU disease sug¬ 

gests that the occurrence of a postresection space on the first side is not in 

i ni labh accompanied by the same complication on the opposite side 

The typical apical pneumothorax (80 nei cent) xvUi ^ , 

,h " «"* ^ P« S t»P«».U e »eek T 

recognition and treatment of these spaces paiticulaily y hen f I f early 

ance and behanor of the lung at oneration , Ren, fiom the appeal - 

tation of a pneumothoiax, attributed to the iejection '^unT*** ^ anifes ' 
second postoperatire yeek Late deyelonment n f , uncommon after the 

pneumothorax is more likelj to be associated with I PUeUn ™ tll0rax or Vdro- 
tubei culous etiologj l n 0U1 3 f a ^ronchopleui al fistula of 

tubercle bacilli was found in the drainage ° f 
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Satisfactory management of the postresection space challenges the ja g- 
ment of the surgeon and the i arious methods of treatment m cnnent nse 
As mdicated m the gionp shoeing no cluneal ei idenee of a positive pn 
mothorax oi bronchopleural fistula, this suspicion is continued hr aspnation 
the space Fnrthermo.e, delar m space occupation mar occasionally be an¬ 
ticipated from operative findings In this situation, w e feel that obsen ation 01 
caieful neglect is adequate (Figs 1, 2, and 3) 



1 

1 T 

% 



Fig 3 —Left space almost obliterated Small right apical postresection space. 


On the othei hand, the aierage space appeals following lemoial of the 
original thoracotomi tube and represents a local tension pneumothorax, with 
a communicating fistula of i aiwuig size This tvpe of space, m oui experience, 
is hest tieated with intercostal catheter, uiidervs atei-seal drainage on gentle 
negatne piessure Two-thirds of out senes weie successfully managed by 
single or multiple tube insertions (Table II) 

Two adjunctne measures mar be mentioned m connection with tube de¬ 
compression of the local pneumothoiax The Tiendlenburg position, if toler¬ 
ated is often utilized early m the postoperatn e period with the hope that the 
i ennunng lung mar adhere to the chest apex A second measure, particularly 
useful for lateral-basal (supradiaphragmatic) oi apical-basal spaces, is the in¬ 
duction of a pneumopeutoneum, provided the diaphragm is not fixed (Figs 
4 and 5) 

AYc hii e been most hesitant to nse enzymatic debridement m the treatment 
of a small hemopneumothorax 13 Although it is claimed these enzymes do not 
cause fistulas, we are uncertain whether they contribute to their persistence 
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Catheter drainage on underwater suction was successM m peinutting 
spontaneous closure of the fistula and reduction of the space by the end of the 
week in 73 per cent of our group At the end of this period, the presence of 
a fistula, yirtually undunimshed in size, raises several alternatives of treatment 
It is our impression that, after the second postoperative week, the bound¬ 
aries of the local pneumothorax aie relatively fixed Subsequent oigamzation 
of the exudate increases the ngiditv of the space At this tune, many srn geons 
will elect to perform open thoracotomy, with attempted closuie of the fistula, 
particularly if the leak is of appreciable magnitude "We have earned out sec¬ 
ondary thoracotomy only foui tunes Three were satisfactory, the fourth 
reeuired but lesponded to closed drainage Although the fistula may be sui- 
gicallv closed this does not guaiantee obliteration of the space In addition 
an mlvmg drainage tube mar invite pleui nl complications, both empyema and 
subscapular-space infections having lesulted from attempted dnect fistula 
closuie 


Table U. Treatment of Space Problems Following Segmental and M edge Eesections 


TYPE OF 

TREATMENT 

DURATION 

INFECTION' 

( PRED0M3N ATE OP GAN 3 SM ) 

STATUS OF 
TUBERCLE BACILLI 
(N’TJL) 

no treatment 6 

Thoracentesis 2 

Intercostal catheter 30 

Multiple Intercostal 10 

tube 

Thoracentesis and tube 2 
Secondary tboraeotomr 4 

Thoracotomy and Inter 9 
costal catheter 
Pneumoperitoneum 6 

Streptokinase strepto 6 

dormase 

1 wb. 35 

2 nk 10 

3 wk. 4 

4 nk. 7 

IV. mo 2 

2 mo 4 

4 mo 2 

5 mo 3 

Subtotal (space) empvema 
Proteus vulgaris 1 

Pnedlander’s 1 

Mixed Proteus and 
tubercle bacilli 1 

Tubercle bacilli 3 

Hemolvtic Staplivlo 11 

coccus aureus 

Total (Staphylococcus) 2 

empvema 

Inactive 42 

Active 4 

negative (In 
hosp) 12 

Deceased 1 

Mo follow up 2 


Result of 'Space Therapy — 


Satisfactory, 50 Cured 9 Tmsatisfactorv, 2 


A e have prefei i ed to use the postresection thoi acoplasty as an aid to 
space and fistula closuie when inteicostal tube decompression rras umsatisfac- 

tor\ Failure of intubation is usually appaient during the second to the fourth 
week. 


Theie is definite morbidity associated with prolonged tube drainage In¬ 
tubation bevond two rreeks almost invariably results in a low-giade infection 
of the space Occasionally, pathogens such as B protons and B pyocyaneous are 
present (Table H) These patients complain of intermittent feverandtran- 

noth ^ the and antmor chest ' AJs °. they are plagued 

with the ueH-known systemic handmaidens of a chrome local infection The 

mental depression associated with attachment to a tube and bottle drainage 
i many weeks is difficult to estimate As a rule, these patients complain of 
mam apparently functional problems Disregarding the elements of S 
prolonged intubation may accomplish gradual shrinkage +1 f ° n ' 
fistula closure Perhaps some of tL is Let 
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resulting from the infection Several spaces have reached the unsatisfactorv 
point of diminishing returns when essentially no change is seen from week to 
week 

We have had the greatest success performing thoracoplasty after a two or 
three-week trial of intubation when the space is still somewhat collapsible and 
is located in the apical posterior hemithornx Thoracoplasty on top of a rigid 
space, walled with layers of connective tissue, accomplishes little, as with 
chronic, thiek-u ailed parenchymal cavities 

The majonty of space infections were nontubereulous and appeared to be 
a direct accompaniment of prolonged intubation (Table II) Hemolytic Staphij 
lococcus aureus was the common organism, being m all cases penicillin resistant 
but usually sensitive to erythromycin Since m most cases the space infections 
were adequately drained, the only concern was maintaining tubal patency The 
infections with other secondaiy organisms or those m which tubercle bacilli 
were cultured usually lesponded to the time-tested pnnciple of space obhtera 
tion and were not serious problems Two total empyemas (Staphylococcus) were 
treated in the standard mannei with drainage and subsequent partial thora 
coplasty 

Results of space treatment haye been classified as satisfactory, cured, or 
unsatisfactory (Table II) A small apical peripheral rim or cap pneumothorax 
which progressed to obliteration in several months was accepted as a satis 
factory result Of the unsatisfactory eases, both dei eloped as a consequence 
of unduly prolonged intubation Follow-up of this particular gioup was cai 
ned out to relate the occurience of a space complication to possible late se 
quelae, and to the status of their tuberculosis (Table II) Foui patients vho 
aie currently known to have active disease weie reviewed, and no apparent 
relation to the pneumothorax was observed 

DISCUSSION 

Pioper management of the postresection space is neeessaiy because of the 
ever present danger of infection and pulmonary heinonhage A chrome, un 
drained mtiapleural space is sinulai m behavior to a parenchymal lung abscess 
with many of the same clinical symptoms Even the neutral space, if unoc 
cupied by lung, has infection potential Since in most instances the presence of 
a pneumothorax is due to a bronchial fistula, obliteration of the space requires 
fistula closure 

The mam contributing factoi in the pathogenesis and peisistence of post 
operative bionchoalveolar leaks is the physical state of the remaining lung 
Fibi otic lungs, with early emphysematous changes, are moi e likely to de\ elop 
a postresection pneumothorax Tube suction, m such instances, may achieve 
little toward space obliteration Postopeiative hematomas increase the an 
ticipated incidence of bionchial fistulas, jet a most impoitant factor is loss of 
the pneumatic function of the lung 

A postresection space, with a small fistula and residual lung capable of 
moderate expansion, will usualh close within the first two postoperative weeks 
Beyond this mterval, although intubation alone may cause eventual fistula 
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closure, thoraeoplastv 01 seeondai\ thoiaeotonn min be a nioie rebable and 
caiher expedient Seeondai \ thoracotomv eaines with it the dangei of a dis¬ 
seminated mtrapleuial infection and associated snbseapnlai space lm olvement 
In addition few thoiacic surgeons twU claim thev hate bad am moie than 
50 pel cent success ui secondary bronchial stump closuie As with manr 
surgicil pioblems, theie is no standaid piogram, each lequmng an individual 
solution. 

suit ALARY 

A renew of 61 postiesection pneuinothoiaees, oceuinng in 80S segmental 
and \\ edge resections ls piesentech No relationship i\as found with the pre- 
operative cantaiw or bacteriological status of the patients The location of 
the space paralleled the opeiative site of resected tissue The ruajontv of 
pneiunothoraces appeal within the first two weeks and lespond to undeiwatei 
suction if piomptlv diagnosed and intubated A small number of spaces be¬ 
came chronic pioblems with pro genic infection In the piesenee of a lelativelv 
fixed space earlv thoiacoplastv oi secondare thoracotomv mar be required, in 
addition to tube diainage foi ultimate definitive therapv The occunence of 
this complication does not appeal to influence the futuie status of the patient’s 
tuberculosis 

Addendum —Since adopting the technique of approximating raw surfaces, we have had 
no postre'ection spaces in tlie post 75 thoracotomies 
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RECURRENT TRACHEO-ESOPHAGEAL FISTULA 


(Case Report) 

Thomas H Hewlett, Lieutenant Colonel, MC, USA 


T HE literature of lecent years has contained numerous leports of the sue 
eessful suigical coireetion of congenital esophageal atresia with tracheo¬ 
esophageal fistula A leview of these repoits indicates that recurrence of such 
fistulas is relatively raie, and in several of the largei series this particular 
complication does not appear Several authors have suggested that localized 
suture line leaks might pioduce strictunng, and following this the re forma 
tion of a fistula might be anticipated 

The few reeunent fistulas reported have been lecogmzed m the early post 
operative petiod and it seems that a rather striking clinical change in the 
patient has led to this leeogmtion, usually in association with symptoms 
heialdmg a leaking site Ljon and Johnson, 0 m 1948, reported the reopening 
of a fistula on the ninth postoperative day Ti eatment by dilatation was un 
successful Autopsy revealed a congenital stnctuie distal to the site of the 
fistula which had been ovei looked at surgeiy Bigger, 5 in 1949, reporting on 
the treatment of 11 patients, mentions briefly one child who died following 
operation for a recurrent fistula which was recognized seven months after the 
initial operation Potts’ 10 report of 35 cases m 1950 does not mention re 
currence of fistula Recuirence has not been woithy of mention in the ex 
tensive experience of Gross/ though he does mention the fact that difficulties 
in swallowing and reeunent bouts of pneumonitis tend to plague this field of 
surgery Abbott and Hopkins, 1 m 1951, reported 2 instances of recurrent 
fistulas m a senes of 20 patients One of these patients survived the second 
repair Kopp and associates,' m a recent report from the University of 
Pennsylvania, reoperated for leaking anastomotic site m 6 patients of a senes 
of 61, but recurrent fistula was not noted in any instance 

The ranty of recuirence of tracheo-esophageal fistula following pnmary 
repair of the congenital defects would seem to render the following case 
worthy of report 

case report 


History of Present Illness —The patient was a SO hour old white boy, born at Walter 
Reed Army Hospital on May 27, 1952, at 7 38 a.m Delivery was spontaneous The mother 
was gravida iv, para m The serologj was negativ e and, aside from polyhydramnios, her 
pregnancy was normal The gestation period was 37^> weeks and the child weig e 
G pounds, 13 ounces He breathed spontaneously After three minutes in the oxyg en 

hood, ejanosis and apnea were noted and tracheal aspiration and oxygen were necessnr} 
to reuve the child Rhonchi persisted throughout the daj The baby’s temperature was 
variable throughout the daj, rising to 101° F At 0 00 A M he was offered glucose water 


From the Thoracic Surgery Sen Ice Walter Reed Army Hospital Walter Reed Army 
Medical Center Washington 12 D C 

Recel\ ed for publication Nov 1 1954 
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Ho took % ounce, promptly regurgitated, and turned deeply cyanotic He se «® ed to h ^ 0 
a great deal of difficulty in swallowing An attempt mas made to pass a Levin tube, but 
obstruction was met at approximately 3% inches from the bps 

Physical Examination on Admission -The patient mas a well-developed, web nourished, 
white, newborn boy with circumoral cvanosis The hands and feet were sbghtly cyanotic 
Otherwise the physical examination showed essentially normal findings 

Laboratory Data on Admission -The red blood count was 4 8 milbon with hemoglobin 
of 15 1 Gm On May 28, 1952, a fluoroscopic examination of the esophagus, by means o 
Lipiodol injection through ft catheter m the liypopharvnx, revealed an obstruction in the 
proximal esophagus at D, The distal end of the obstruction was conical m shape and appar 
ently represented the end of the blind pouch An upright film of the chest showed the lung 
fields to be clear (Fig 1) The tracheobronchial tree was outlined by aspirated Lipiodol 



FIs 1 —Initial x-ray May 28 1962 

The cardiac contour appeared to be within normal limits The right lobe of the thymus was 
slightly enlarged and the remainder of the chest appeared to be within normal limits There 
was a large gastric air bubble which indicated that the distal esophagus communicated 
with the trachea There were no other significant findings Impression congenital 
atresia, proximal one third of esophagus with tracheo esophageal fistula involving the 
distal segment of the esophagus 

Operation Mai 2S, 1952—Ether anesthesia was administered by pressure mash. 
A nght thoracotomi was performed through a penscapular incision through the bed of 
tho fourth nb The extrapleural route was attempted, but the pleura was inadvertently 
opened in the apical area After ligation and division of the azigos vein, the distal 
esophagus was found attached to the trachea just cephalad to the Carina The tracheo 
esophageal junction was occluded with a Potts’ clamp and the esophagus freed from the 
trachea. The tracheal opening was closed with a continuous suture of No 5 0 artenal 
silk Tho proximal blind pouch of the esophagus was then freed and pulled down into the 
right hemithorax An opening was made in the most dependent portion of this pouch and 
end to end anastomosis between the proximal and d.stal esophagus was effected with 

'" 7 “;’ x »"" ■"»*!»>"■ ™ P ,.«“ 

wall and attached to a water seal bottle The patient withstood the procedure well 
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On May 31, 1952, a Stamm gastrostomy was performed under ether anesthesia. 

X rays —Juno 2, 1952—A chest film revealed a triangular zone of opacity m the superior 
aspect of the right liemithorax, corresponding to an atelectatic right upper lobe 

Hospital Course —The patient gradually gained weight but suffered repeated bouts of 
pneumonitis The recurrent pneumonitis responded to antibiotics There was no indica 
tion of a normal swallowing reflex and attempted oral feeding resulted in aspiration 

Six months after operation, in Nov ember, 1952, laryngoscopy revealed an infantile 
epiglottis without evidence of airway obstruction False cords and true cords were normal 
and both sides were mobile When the patient was in spasm the glottis closed tightly 
This examination could not explain the aspiration of food Impression no disease of the 
larynx or liypophnrjnx Bepeat chest films made during this prolonged period of hos 
pitalization continued to rev cal atelectasis of the right upper lobe 



Fig 2 —Lipiodol swallon Dec. 11 1952 


Lipiodol studv of the esophagus performed on Dec 11, 1952, revealed no definite evi^ 
dence of fistula on fluoroscopic examination (Fig 2) The cnrdiac shadow and medias im 
contents were retracted to the right The films at this time showed small flecks of Bipio 
in the bronchus at the level of T a It was thought that these flecks were the Tesu 
aspiration, ns communication between the trachea and esophagus was not visualized 

The patient continued to gam weight and appeared normal except for persistent in 
ability to swallow , 

Fluoroscopy was repeated on March 27, 1953 At this time Lipiodol entere 
stomach without delay, but a small constant deformity, suggestive of traction dive lCU 
lum, was noted in the mid esophagus just above the coryna 

Xrajs taken on May 6, 1953, revealed atelectasis of the nght upper lobe with t 
mediastinum drawn to the right Otherwise the chest appeared within normal limits 
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recurrent tracheoesophageal fistula 

The child’s general condition was good and he was discharged from the hospital to 
continue gastrostomv feedings The repeated bnef attacks of pneumonitis were attributed 
to the chronic atelectatic state of the upper lobe of the nght lung, hut the major item o 
interest throughout this prolonged period of observation was the child s mabilitv to swal 
low The interval follow up of the patient reveals additional hospital admissions m 19o3 
for diarrhea and for dehvdration. On each occasion the response to treatment was prompt 
In November of 1953 the child was observed for 4S hours in the hospital because of blood 
flecked vomitus Outpatient follow up was continued until March, 1954, when definitive 
studv of the esophagus was deemed necessarv to clanfv the cause of the child’s mability 
to swallow Throughout the period from Mav, 1953, to March 31, 1954, the patient seemed 
to develop normallv though slowlv 



Fl£ 3—Demonstrates fistula April 5 19E4 

The patient was hospitalized again on March 31, 1954 Physical examination at that 
time revealed a well de\ eloped, well nourished, small, alert, active bov weighing IS 
pounds, 10 ounces with a temperature of 99° F The tongue was maintained in a posi 
tion of partial protrusion and the throat was normal. The chest was svmmetncal with a 
healed periscapular scar on the nght side Auscultation of the chest revealed suppression 
of breath sounds oi er the right upper lobe, but no rales were heard The heart was within 
normal limits bv percussion and auscultation 

Lab °™ to ™ Data—The red blood count on admission was 3 0 million with a hemo 
globm of 0 1 Gm and the white blood count was 23,150 with 73 per cent neutrophils 21 
per cent lvmphocvtes . per cent monocries and 3 per cent eosinophils Unnalvsis was 
negatne On April 14, 1954, the uh.te blood count was 32,000 with 10 5 Gm J l 
globm X ra\ taken on April 1, 1954, reeled enumerable unprai 'ment ra the anneTr 

Vpni°’ ‘in ” Kl, \ - mr E5 °P 1 >“g°S'-opv was performed without anesthesia on 

J p mm hv 3o cm e^ophagoscope was passed into the hvpophsrvnx and 
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through a normal cncopliarynx At a distance of 15 cm from the incisor teeth, the 
osophagus narrowed to a small opening postero infonorly and to the left, and to another 
opening visualized aiiterolaterallj to the right The opening postero mfenorly was the 
lnrgor and would admit a No 1C French bougie which could bo passed for approximately 
5 cm , at which point resistance wns met and further passage prevented Normal mucou« 
mombrano appeared to cox er both orifices Diagnosis atresia, congonital esophagus with 
possible residual broncho esophageal fistula X raj studies wore performed on Apnl 5, 
1954, and Lipiodol was introduced into the gastrostomj r tubo in the stomach (Fig 3) 
Tho patient wns placod in the Trendelenburg position Manual palpation and multiple 
positioning were done, but no Lipiodol could bo refluxed into the esophagus A catheter 
was introduced nasallj into the osophagus which passed readilj r down to the cardiac end 
and a small amount of Lipiodol was inserted No abnormality of the lower end of the 
esophagus was noted When the entheter was wuthdrnwn to the level of the coiyna, a 
small amount of Lipiodol was again injected Almost immediately a small globule ap 
peered in the right main stem bronchus Following a short delaj tho Lipiodol was seen 
in both main stem bronchi Impression tracheo esophageal fistula, probably just pron 
mal to tho corj na, with stricture of the esophagus at the operative site The stricture 
was approximately 1 cm long 

Operation —Apnl 15, 1954 The anesthesia was accomplished with gas oxygen ether 
administered \ia endotracheal tube The patient’s temperaturo was reduced to 93° F by 
uso of an ico mattress A right thoracotomy was performed following excision of the 
existing periscapular sear and the fifth rib was excised A gencrnbzod pleural symphysis 
was encountered Tho right lung was mobilized by sharp dissection Dissection of tho 
mediastinum roxealed a thick walled fistulous communication ansing from the posterior 
wall of tho trachea approximately 15 cm proximal to tho carina and attached to the 
antenor wall of tho esophagus at tho site of tho prexious end to end nnastomosis Tho 
fistula was approximately 1 cm in length It wns trnnsectod and tho esophageal tracheal 
ends wore closed with intorruptod sutures of No 3 0 black silk A portion of the anterior 
mediastinal pleural flap and attached areolar tissuo wns placod over the tracheal suture 
lino and anchored to tho posterior tracheal wall, ofTectmg interposition of tissuo between 
esophageal and tracheal suture linos The patient withstood the operation well Rownrm 
ing was gradual oxer a two hour period following tho completion of tho operation 

Postoperative Course —Postoperatixe gastrostomy feodings wore continued for ten 
days Penicillin wns gixon for fourteen days Tho patient was started on purfes on the 
tenth postoperative day and was gradually extended to a full diet which ho tolerated well 
and without difficulty He xvns gaining weight at the tune of discharge on tho cighteent 
postoporativ e day at x\ Inch timo films rox ealed satisfactory cloanng of tho upper lobos o 
tho right lung Late follow up films taken on Aug 2, 1954, showed no evidence of tracheo 
osophagoal communication 

DISCUSSION 

The lecuirence of fistula folloxvmg pnmaiy suigical treatment of eso 
pliageal atresia with tiacheo-esophageal fistula is a lanty Seveial factors 
might lead to the re establishment of such a fistula (1) a leaking esophagea 
anastomotic line xvith diiect extension into the site of tracheal closuie, (2) a 
diiect contact between the adjacent anastomotic sutuie bne of the esophagus 
and the suture bne m the tiacheal wall, (3) mechanical trauma resulting 
from early postoperative dilatation of the esophagus 

The contiguous position of the suture lines and a locabzed leak of the 
esophageal sutuie bne xvould appeal to hax r e been the factors in the estab is 
ment of the fistula lepoited heie The patient’s tiue pathology was maske 
by recurrent pneumonitis and a diagnosis of faulty deglutition for a period o 
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recurrent tkacheo-esorhaoae Vistula 

months until the existence of the fistula was proied So doubt the moated 
courses of antibiotics kept the cluld alive and also aided in tentativel si 
stantiating the diagnosis of recurrent pneumonitis The radiological studies 
performed during the first rear of life were at best equivocal, but since a 
patent esophagus was demonstrated these tended to discount the possibilitr 
of a fistula In mew of the repeated prompt response of the upper respiratory 
svmptoms to antibiotics the equivocal x-rav studies and the child’s inabiktv 
to swallow it is undeistandable that such a clinical course might be inter¬ 
preted as in the case reported in such a wav as to confuse the need for eso¬ 
phageal snrgerv m infants 

3Ianv accurate descriptions have been written dealing with the diagnosis 
of tracheo-esophageal fistula with esophageal atresia The existence of a 
fistula without esophageal atresia or stenosis is not a familiar picture and con¬ 
sequently mav be overlooked Holt and co-workers 6 in 1946 and Leigh and 
associates' m 1951 directed attention to the difficulties which might delav or 
prevent the diagnosis of tracheo esophageal fistula in the absence of esophag¬ 
eal obstruction Such instances as have been reported exbibit similantv in 
the fact that thev have masqueraded under the combined diagnosis of faultv 
deglutition mechanism and recurrent pneumonitis Haight 5 has documented 
the details of a case in which fistula was suspected at biith hut the diagnosis 
was not confirmed until the patient was 4 veal’s old, when surgical correction 
was carried out Leigh and associates' in their report included 2 patients m 
whom the diagnosis of fistula without atresia was confirmed Both these re¬ 
ports have suggested the use of additional radiological studies not generally 
used in the routine evaluation of tracheo-esophageal fistula with atresia 
Holt 6 has been impressed with prone-position esophagograms while Leigh 8 was 
able to demonstrate fistulas with traeheograms made with the patient m a 
reclining position Certamlv it seems justified to include these two radi¬ 
ological studies when evaluating a prolonged postoperative course of any in¬ 
fant following anastomotic snrgerv for tracheo esophageal fistula with eso¬ 
phageal atresia Such studies might be of great value in the diagnostic survev 
of anv infant suffering repeated bouts of pneumonic infection either with or 
without evidence suggestive of faultv deglutition. 

The reports dealing with operative technique generallv have not stressed 
anv particular point designed to pi event the recurrence of fistula Haight 5 
ui 194S, recommended the use of a pedicle flap of mediastinal fat and areolar 
tissue to buttress the suture hues following the closure of tracheo-esophageal 
fistula ne called attention to the possibihtv of the recurrence of a fistula at 
the sites uhere the esophageal and tracheal suture lines were m close apposi- 
tion Alin and Gilchrist 1 in the following rear, discussing tracheo-esophageal 
istulas resulting irom blunt trauma suggested that the interposition of a 
mediastinal flap between the suture lines might prevent the recurrence of a 
fistula at the site ot closure The use of an inteiposed mediastinal flap should 
be a routine par ot operative technique m the treatment of tracheo esopht 
eil fistula regardless of the etiologi of the fistula esopna e - 
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AN UNUSUAL CASE OF COARCTATION OF THE AORTA 

Leif Efskevd, M D , fed Axel Saxdered, M D 
Oslo, Norway 

T HE development in fetal life of the vasenlai trank rath the gTeat tessels is 
based on a double anlage rath subsequent reduction The aorta caudal to 
the brachial arches becomes fused as an unpaued dorsal aorta, and the left 
fourth arch persists as the definitive aorta For this reason congenital anomalies 
have a fairly high incidence Eek, 1 Gross and Ware, 1 later Aplev 5 have recorded 
these anomalies from a surgical point of view Broadlv speaking, thev mav he 
classified into 3 groups according to the presence of a double aorta, light aorta, 
or left aorta Coarctation dominates in the last-mentioned group and mav he 
observed alone or associated rath other anomalies, the classic examples being 
bicuspid valve and cerebral aneurvsm (Clagett and Jampolis 1 ), as is also pei- 
sistent ductus Botalli, which according to Abbott 5 is found in 10 per cent of the 
cases This latter finding agrees rath that nrnde in materials from recent years 
(Knutson and associates 0 ) 

Coarctation mainlv occurs in two groups, the adult tvpe rath a relatively 
short stenosis localized below the point of origin of the left subclavian arterv, 
and below or at the level of the ligamentum artenosum or dnetns Botalli The 
other mam group, which has been termed the infantile or preduetde tvpe, is 
located above the ligamentum artenosum, and is usualh so long that surgical 
leconstruction is onlv possible rath artenal graft (Gross and co-workers') Fre¬ 
quently the left common carotid arterv and the left subclavian arterv spring 
from the narrow site (Burford 5 ) This ofters poor or insufficient supph of 
blood to the left side of the twain, and the preduetile tvpe is not usuallv com¬ 
patible with life for more than a few months 

We ha\e recentlv had a case of coarctation of the aorta in which double 
stenosis was found, rath a small intermediate chamber which was the point of 
ongm of the left subclavian arterv Structural conditions were fairlv well 
adapted for success m surgerv without rnanv serious difficulties The im¬ 
mediate result was favorable, and we have therefore considered it justified to 
record the case here 


C\SE RECORD 

^The patient was a 6 Tear-old bor, born at full term, who developed norwallv until be 
vcaw old Then he became unable to take part ,n plar with other children, and he 
easily became «uUen and low spirited (“ungovernable temper,” Gerbode and Bournes) He 
bred ensilv and his toot were cold There was no cranosii 

Ctmicaf Examination—His head was large There was rigorous position in the rwht 
1 ^err and oho on the right side of the face On the left side the pulse was feeble W 
countable m the radial arterv There was an invisible, hardlr perceptible pnlo la the 
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side of the neck and face, no perceptible pulse m the lower extremities, which were cold to 
the touch, no perceptible or visible collateral xessels on the chest The blood pressure was 
155/90 in the right arm, 100/70 in the left arm, and not measurable in the lower extremities 
A slight fremitus was felt over the heart, and a distinct systolic, blowing sound was 
heard, loudest m the second and third intercostal spaces at the sternal margin The sound 
was heard upward on the right side of the neck, not on the left There were no special 
findings by blood examination 

Electrocardiography —Showed right axial deviation, hardly pathological 
Eadtography —Demonstrated a slightly enlarged heart, and increased width of the 
shadow of the xascular trunk with left outline as on a dilated subclavinn arten Strong 
pulsations in the ascending aorta and an impression m the esophagus at the level of the 
fifth and sixth ribs were considered to have been caused by a poststenotic dilatation of the 
descending aorta Costal impressions were on the right side of the norta—not on the left 

Because of the clinical and ladiographic findings, it was assumed that the 
stenosis was located above or at the departure of the subclavian artery, and it 
was considered that the prospects of suigical conection weie poor As we 
would not depuve lnm of the chance, howexer, thoracotomy was peiformed on 
June 5, 1953 



Flp 1 —A and B The anatomical findings after the exposure of the aortic arch and 

gTeat \essels 

The chest wall held strikingly few r collaterals Tw r o vessels aiose fiom the 
top of the stiongly pulsating aortic arch, one of almost the same calibci ns 
aorta propei (Fig 1) Below the ongm of this x r essel, anothei vesse 
which was of materially smallei calibei Above and below' the depaituie ° 
latter vessel, the aorta was gieatly constricted, moie so below the pom 
origin The aorta propei xvas also nairoxvei than usual at this point 

The pulsations in the largest xessel w r eie very maiked, those m the smallei 
vessel w'eie very feeble Both x'essels had a parallel course, passing up 1°"^ 
the dome No other vessels had their origin m the aortic aicli, and it was t l0U ^ 
that the greater vessel xvas the innominate artery lvith ample blood suppb to 



OF COVRCTYTIOX OF VORT V 667 


EFSKIXD AXP ZANDER CD TTXLStVL CYSE 

right arm and the right carotid The lesser Tessel was assumed to he a trunk 
common to the carotid and subclavian arteries with correspondmglv reduced 
pulsation in the peripheral legions of these vessels 

The duct had its origin above the upper constriction and was of medium 
dimensions It was not felt to be patent bv palpation The development of the 
collateral circulation was stnkmglv weak with few and small intercostal arteries 
It was decided to perform a side-to-side anastomosis between the innominate 
and subclavian arteries in order to preserve some cn dilation while the anasto¬ 
mosis was placed then to ligate the subclavian arterv at the point of ongm and 
as the distance between the upper and lowei constrictions was fairlr short to 
resect this part of the aorta, and make an end-to end anastomosis in the usual 
manner after having first ligated the ductus Botalk Due to the deficient 
collateral circulation it was not considered justifiable to ligate the subclavian 
arterv As previouslv mentioned, the left carotid arterv also originated from 
this trunk The operation was performed as planned without essential difficulties 
(Fig 2) 



There followed iramediatelv a marked improvement m the pulsation m the 
left arm and the left side of the neck and head The dav after the operation a 
stinct pulse was felt m both lower extremities which were warmer than 

previous^ The blooA Pressure in both legs was 140/00, and in both arms 120/80 

The postoperative course was uneventful 

Of h£”! trol CXammatlon at thc * nd September 1P53 showed normal values 
of blood pressure m arm and leg equal on both sides Radio-renhv, !i 
reduction m the swe of the heart = raphv showed 


Thus m the present ease there wot: tt,„ i j 
nominate arten A Yevsel was present on the left ° f the *■ 

c Jen s,de ~ a common trunk of 
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the common carotid and the left subclavian arteries Above and below the point 
of departuie there was stenosis of the aorta, most marked below (Fig 3) The 
stenosis above, howevei, was so extensive that the blood pressure m the left arm 
was decidedlv lower than m the right Likewise there was no pulsation in the 
left side of the neck, while it was marked and vigorous in the right side 

Clarke and Dodull 10 record a case with a common point of origin from the 
aortic arch of the four arteries (carotid and subclavian to both sides) with 
simultaneous coarctation We have not, however, been able to find any case 
mentioned in the literature with a similar point of origin of a vessel as m the case 
just piesented 



Fig 3 —A and B The remoi ed specimen of the aorta showing: the stenoses- 


Coaictation with unilateral hypertension and normal or low v allies con 
tralaterally is well known (Weber and Knop, 11 Knutson and co workers 0 ) 

In three cases of coarctation with lacking radial pulsation on the left side, 
Gnsliman and associates 12 succeeded m demonstrating by arteriography that 
there was atresia of the left subclavian artery concurrently Gerbode an 
Bourne 0 gave an account of a similar case, m which the rudimentary subclavian 
artery was ligated, and the usual anastomosis made, after resection of the 
stenosed region Holms and Love 13 recorded a case associated with stenosis 
of the right subclavian artery, m which the low values were found on the rig 
side We have, in our own series of coarctations, a similar case 

Ligation of the common trunk of the carotid and subclavian arteries without 
anastomosis might possibly have been undertaken, in our case without grave 
sequelae (Clagett*), though gangrene of the arm, after the Blalock operation, 
has been described (Lam, 1 * Webb and Burford 16 ) However, m due consideration 
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of file lack of collateral circulation, and of the fact that the carotid artery to the 
left side also took ongin from this branch, we considered it advisable first to place 
an anastomosis between the innominate and subclavian arteries 

SUA1AIARV 

A case of coarctation of the aorta is reported in which there was a double 
stenosis, above and below the departure of the common artery for the neck and 
left arm Resection of the aorta was performed, combined with an anastomosis 
between the innominate artery and the common trunk of arteries to the left side 
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SURGICAL TREATMENT OP CORROSIVE STENOSIS OP THE 
THORACIC ESOPHAGUS BY SUPRA-AORTIC ESOPHAGOGASTRIC 
ANASTOMOSIS WITHOUT RESECTION 

Henr\ P Limbacher, M D , FACS 
Tucson, Arizona 

A LARGE percentage of conosne stenoses of the esophagus are m the pm 
mce of the endoscopist and tieatment consists of the following (3) dila 
tation fiom aboie with esophagoscopic eontiol, (2) dilatation along a string, 
and (3) letiogiade dilatation with gastiostoim 

The disad\ outages of all endoseopie piocedures aie the necessity foi pro¬ 
longed tieatment, and the e\ei-pieseut possibilities of mediastimtis from the 
tiauma of dilatation, and of ieminent stenoses Stenosis mar occur and lecur 
manj veal’s aftei the oiigmal mjim 1 Piequent dilatations and the clnonic 
imitation fiom food passing tlnough a coirosne stnctuie, e\en without obstmc 
tion, hare a definite teudenci towaid the production of caicinoma Benedict 2 
reported fiom the liteiatuie a senes of 236 cases of caicinoma of the esophagus 
of lvlnch 5 5 per cent followed benign stmctuies 

The tailuie ot these methods, due to lack of cooperation of the patient, as 
well as extiemeh seveie oi old stmctuies, demands a siugical reconstrnetne pro 
cedme Ante-thoiacic leconstiuctions using skm tubes, small intestine, colon, 
oi stomach aie multiple stage pioceduies which lequue piolonged tieatment 
and the results aie uuccitain and pioduce considerable disfigmement 

Intiathoiacic leconstiuction with lesection of the esophagus has been sue 
cessfullv perfonned with the use of the colon, small intestine, and stomach 
tlnough the left chest and moie lecenth tlnough the light chest It occnried 
to me that leaving the esophagus in situ would cause little difficulty if ade 
quate diamage foi the segment weie pronded, and it was felt that if the seg 
ment were not exposed to eh ionic nutation the dangei of caicinoma would 
be minimized 

Sweet 3 vers aptly states “Because of the extreme mediastimtis following 
lye bums of the esophagus, lesection of the esophagus m these patients is un 
usually difficult and hazardous ” 

The following hazaids are emimeiated (1) teanng of the tortuous eso 
phageal artenes fiom the aoita, (2) bleedmg fiom the azxgous wm, (3) injury 
to the thoracic duct, (4) entenng the opposite side of the chest, (5) production 
of vago-vagus reflex (tins is piobablv due to a combination of anoxia and other 
facts but should be considered), (6) late vagus nei\e sequelae, and the (T) pro¬ 
longed operation time 

Moieovei, bv using a side-to-side technique, it was felt that the anastomosis 
would be moie secuie because the esophagus is not mobilized and that it would 
not tend to letract as with an end-to-end anastomosis Also, the sbtlike opening 

From the Department of Surgery Tucson Clinic Tucson Arlz 
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produced m a side to-side anastomosis might tend to prevent regurgitation 
esophagitis and at the same time could he made sufficiently large to minimize the 

P0SS It was alter consideration of these factors that tins procedure was decided 
upon in the following case 

A AO year old white woman was first seen approximately 30 minutes after swaUormg 
a cup of hot black coffee containing approximately 2 tablespoons of commercial ye . ie 
was given vinegar and bad profuse emesis She was hospitalized with severe substernal pain, 
a white blood count of 20,000, and temperatures to 102“ F Parenteral fluids and antibiotics 
were used and after 10 davs sbe was able to tolerate a clear liquid diet She then disap 
peared until 5 weeks after the injury, when an esophagogram was taken and showed a 
severe stricture of tlie esophagus from the aortic arch to the stomach (Figs 1 and 0 

was esophagoscoped and dilatation with soft rubber bougies was begun. She again co 
operated poorlv and was not seen until 4 months after the injury when a gastrostomy was 
performed and retrograde dilatations over a string were begun She again left town and re 
turned 4 months later (8 months after injury) with the gnstTostomy closed and with a weight 
Io<=s from 114 pounds to 73 pounds She was again esophagoscoped and the stricture was 
found to be extremely firm, making surgical reconstruction imperative She was prepared 
with blood, protein hvdroli sates, and lugh caloric intravenous fluids Before operation the 
protein was 7 2 mg, with albumin 3 62 mg, and globulin 3 50 mg 

Summary of Operatnc Procedure —The patient was plnced in right obbque position. The 
abdomen was opened, the incision incorporating the previous left gastrostomy incision The 
stomach was mobilized bv removing the spleen and transecting the gastrocolic ligament and 
left gastric artery near the celiac axis, enre being taken to leave the vessels near the stomach 
intact as far as possible The thoracic incision was then made from the angle of the fifth 
nb following the nb to the costochondral junction and extending mfenorlv through the costal 
cartilages to join the abdominal incision The lung was then retracted anteriorly and the 
esophagus verv earefnlh freed above the aortic nrch, care being taken to avoid injury to 
the right pleura or to the thoracic duct A tube, placed in the esophagus through the mouth, 
expedited this procedure The superior intercostal artery of tho nrch was transected to 
allow sbght depression of the aortic arch A Penrose dram was then placed around the 
esophagus in order to draw it into the field of operation. The lower end of the esophagus 
was clamped and transected and the normal esophageal opening into the stomach was inverted 
and sutured The stomach was then brought up to the site for anastomosis which was easy 
to accomplish with slight mobilization of the left lobe of tbe liver There was no question 
as to the blood supple of the stomach as the proximal end bled freely at the tune of anas 
tomosis A posterior ln\or of sutures was then placed between the stomneh and the upper 
esophagus and a one and oue-hnlf inch incision was made m both organs The anastomosis 
was then completed m the u=unl manner with an outer row of interrupted cotton and an inner 
row of continuous intestinal catgut sutures The tube in the esophagus was passed through 
the site of anastomosis mto the stomach 

Tho distal transected esophagus was then anastomosed to the stomach bv placing a 
small catheter 4 inches m length into the distal esophagus and inserting the esophagus into 
n stab wound m the stomach near the pylorus A double row of sutures from the esophagus 
to the stomach were then placed The stomach was then attached to the posteromedial thoracic 
' T _\ " rith ln,erru l' u ^ catgut sutures The diaphragm was closed snuglv about the stomach 
, M,domHnl wnH close<l the usual ™.nner Underwater drainage was 
established through tbe ninth intercostal space One m.Uion units of penicillin and 1 Gm 
of Streptomycin were instilled mto the pleural and abdominal eant.es before closure 

The patient lmd an unusually benign postoperative course She was raven nwi i 
podoperatneh and had no gastric retention, diarrhea, or other vagotomv srmn^ms 2^ 
anticipated, although no pyloroplasty had been performed Because of the exten ch " ere 

tion, the sympathetic fibers as well as the vagus were interrnnrau “tensive mobdiza 

to the lack of retention. The intrap,carnT^^ 
and the intmgndne tuK on the «„tU postoperative day She 
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catheter from the lower esophagus was discharged on the 

was able to tolerate a soft diet: on e ^ deme d any regurgitation or other 

eleventh postoperative day J 5 ^ s ^ a ft e r a meal, with the exception of an occasional 

symptoms even when bang on her nght side alter a 

slight “soapv” taste (Fig 3) 



Fig 3—Chest i-ra> taken on the fourth postoperative dav It shows the uppeT portion 
of the stomach at the level of the fifth rib posteriori} which has been removed. The cathe¬ 
ter In the stomach Is the one allowed to remain in the lower esophagogastric anastomosis 
which ha* been extruded and Is floating free in the stomach It was later regurgitated through 
the mouth 


An interesting sidelight upon the cn«e was that this patient was extremely enthusiastic 
after becoming gainfully emplored, and regaining her normal weight, but approximately 14 
months after her operation, she was attached and killed bv a gunshot wound m the head 
I was able the examine the operative site at post mortem. The upper esopliagogastnc 
anastomosis was patent and adequate The lung was normal with moderate pleural adhesions 
and adhesions to the stomach The lower esophagus was completely obliterated so that a probe 
could not be passed from the stomach to the stenosed esophagus There was no evidence of 
a collection of fluid or debrt« in the esophagus (Figs 4 and 5) 

DISCUSSION 

Rapnnt and Hroronda 4 reported 2 cases of esophagogastric anastomosis with¬ 
out resection in which the esophagus was mobilized to the aortic arch, thereby 


EXPERIMENTAL TRANSBRONCHIAL C ARDIO-AN610GRAPHY 
Mansur Taufic, MD,* and Joseph J Art a., MD** 
Minneapolis, Minn 


introduction 

I NTRAVENOUS angio-cardiography has been of little help m detecting left-to- 
right intracardiac shunts, 2 and it usually does not afford a detailed outline of 
the left side of the heart and the thoracic aorta In an effort to improve the 
results of this method, procedures have been described which consist funda 
mentally either of injecting the contrast material under pressure mto the 
pulmonary artery—for the visualization of the left atnum and ventricle, 4 or of 
taking numerous \-iays in a brief period of time during the injection of an 
opaque medium—for the diagnosis of mteiatnal septal defects 5 However, in 
the opinion of its own authois, the former procedure gave no better results than 
those obtained with Robb and Sternberg’s original technique, the latter seems 
to be a rather complex piocedure requiring highly specialized radiological equip 
ment 

It has alieady been reported 0 that clear pictures of the left ventricle can 
be obtained by introducing a contrast substance directly into that chamber 
However, the fact that the left atnum cannot be outlined accurately places a 
definite limitation on this original method 

The purpose of the piesent study is primarily to extend the applicability of 
“ cardio-angiography By injecting a contrast substance mto the left atnum 
this chamber can also be properly visualized, together with the left ventncle 
and the aorta 


METHOD AND RESULTS 


The procedure was carried out m a senes of two normal dogs and four dogs 
with experimentally produced interventricular septal defects These defects 
were created by inserting mto the base of the mterventnculai septum a short, 
ngid plastic tube with a 4 mm diameter bore" The animals were studied from 
six to twenty-one months after the production of the defect, and physical findings 
as well as phonocardiograplue and cardiac catheterization studies have confirmed 
the presence of a left-to-right shunt 8 

After the animals had been anesthetized with pentobarbital sodium and 
placed m the nght postenor oblique position, the left atnum was appioached 
following a technique similar to that described by other investigators 13 for the 
measurement of left atrial pressures Accordingly, a Chevalier Jackson bron¬ 
choscope was inserted into the trachea until the carina was visualized, and then a 
15 gauge needle fitted to a saline-filled aspirating tube was passed through the 
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experiment\L tr vn-ebuoxchi m- 



B 

Fig 1—4 Chest roentgenogram of a dog \\ ith a subaortic Interventricular septal defect 
produced w 1th a plastic tube The arrow points to the fine wire fixed to the proximal end 
of the de\Ice The needle Is seen in position In the left atrium read* for the Injection of 
the contrast medium 

B Chest roentgenogram of the same dog during cardlo-angiography The Up of the 
needle is seen In the left atrium The arrow Indicates the contrast material as ft passes 
through the tube from the left to the right \entrlcle. The left atrium the left ventricle and 
tlm aorUc arch are well outlined 
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bionchoscope -and mseited into the left atiram thiough the wall of the left main 
stein bionchus at a point 1 cm fiom the canna The location of the tip of 
the needle ni the left atiium was conhimed bi aspnating bright led blood vitli 
a sjunge attached to the tube Then, 70 pei cent Diodiast equaling 1 cc per 
fcdogiam of body weight Mas injected lapidh bi manual pressme Films were 
taken simultaneoush until the injection at a late of four per second, using a 
Rigler-Watson xapid film changei e 

Electrocardiogiaphie tiacings mealed no significant changes either during 
oi following injection of the contiast material 

Films of the noimal dogs mealed good detail of the left atrium, left 
a entnele, aich of the aoita, and biaelnoeephalic artenes In the dogs with mtei 
ventneulai septal defects the shunt of contiast matenal from the left to the right 
ventricle was detected m e\eiy case fFig 1, A and B) 

COMMENT 

This pielimman lepoit is submitted because of the success of the procedure 
m a limited numbei of dogs, indicating its potential \alue m pioper application 
to selected human subjects, in the elaboration of abnormalities of the cardiac 
septum, the left heart chambers, and the aorta The diagnosis and localization of 
caidiac septal defects and the differentiation between mitial stenosis and mitral 
legurgrtation maj tvell be facilitated bi this method With the increasing 
progress of intraeaidiac suigen, the desirability of more evact methods for 
diagnosing these lesions has become apparent 

SUMMARY AND CONCLUSION 

Caidio-angiogiaphy w r as peifoimed on two normal dogs and foui dogs with 
surgically created interncntuculai septal defects The method used was based 
on the dnect injection of contiast solution into the left atnum through the left 
bronchus under dnect visualization thiough a bionchoscope Good detad of the 
left side of the heait, the mteiw entnculai septal defects, and the aorta was 
obtained 

Tins method may have a valuable potential m the light of recent advances m 
mtracardiae surgery 
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ANNUAL FLEETING NOTE* 


The Thirtv fifth Annual Meeting of the American As=ociation for Thoracic Su r gerv 
via- held in Atlantic Citv hew Ter-e' on April 24 25, and 2(i 1°55 More t an 10 
ph\ qmn« registered for the scientific -es-ion- 

The following change- in the Bv law- were voted at the Executive be—ion 

A section wa- added to Article I\ of the Bv laws a- follow- 

^ection S An' memlver of the A-ocinnon more than tiO vear- of age is 
excu-ed from the attendance requirement of Article It Section i and npon his specific 
request ma\ likewise be excused from the paMiient of due^ 

Article V Section 5 was- amended that the final sentence now reads a> 
follows “The Editor -hall he elected from the Honorarv Active or Senior members of 
the A^-ouation 

Article A I Section 2 was amended to read a c follow-- The Membership Com 
mittee -hall con-i-t of -even (m-tead of -ix) Active or Senior member- and not more 
than five (instead of four) of the members mav be reappointed to succeed themselves 

4.- a memorial to T)r Howard Lilienthal a Founder Member of the Association a 
nooden gavel block wa- pre-ented to the A—ociation bv hi- longtime pupil and associate. 
Hr Arthur Touroff 

MEMBERSHIP NOTES 

4t a special meeting of the Council with the entire Member-hip Committee the 
following clarification of the -tandard- for election to 4s-oeiate Membership was made 
( opie« of the-e standard' which were accepted bv the A—ociation at it- IfioT meeting were 
-eut to each member of the A—ountion la-t vear 


4 Training 

1 4pplicant- in the 1 mtid s la te- mn-t nave a sound surgical training as evi 
denced bv completion of the 4mencan Board of Surgerv 

2 Application- m the Vmted Mate- must further have met the requirement- of 
the Board of Thoracic -urgere Canadian applicant' mu't have Fellowship in 
the Boval College of s llr jr eon v. be qualified in thoracic -urgerv or have pa'-ed 
the Roval College 'Summation- for certification in thoracic 'urger' 

B Profe—tonal Work 


1 


1 

4 

5 


r. 


High moral and ethical -tandard- are required 

Applicant should be e-tabli-hed in practice in hi- communm or in a teaching 
po-ition for at bo-/ thru w-nr« follotnno tramwa Hi- profe—loml aork mu-t 
K of the higlie-t qualit' 


The applicant -hould have a major mtere-t in thoracic -urgerv 

Hi- profe— lonal conduct -hould la -uch that he has the -upport of the meml-er- 
of tin \—c- ntion living in the lommumtv 

The ipplnant -hould -how tvnlcncc of future portaipation m meeting- bv making 
contribution- to the medical literature advancing the knonledgc of thoracic 
dL-'a_- ml be 1,-ader-lup in furthering thoracic -urgerv in In- commumtv 
rttfii anon ,n thorn., -urg. n bv the Board of Thoracic ^urgerv or , )v t , 
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THE AMERICAN ASSOCIATION FOR THORACIC SURGERT 


D Foreign Applicants 

1 Thoracic surgeons residing outside the confines of Canada and the United States 
and its territories are not eligible for election to the Association except os 
Honorary Members 

E Exception 

1 Notwithstanding the above qualifications, in exceptional instant ts the Count'd may 
recommend for election a candidate who does not meet all of the above require¬ 
ments 


The folloyvmg chnnges in membership status acre yoted bv the Assonation during its 
annual Executive Session 

In recognition of Ins outstanding contributions in the field of thoricic surgery and of 
his long continuous seryice to the Association, Dr Eyarts Ambrose Graham yyus elected to 
Honorary Membership 

Tlie following Actnc members were elevated to Senior Status 

John B Barnwell Harlan F Newton 

George M Curtis William F Tticnhoff, Jr 

Julian A Moore 


members were elected to Active mimbership 


The following Associate 

Henry K Beecher 
David P Boyd 
George V Brindlej 
Denton A Cooley 
Georges Deshaies 
Howard A Frank 
Elliott Harrison 
Tohn F nigginson 
Alfred Hurwitz 
Tohn W Kirklin 


Roy G Klcpscr 
Rutledge Starr Lnmpson 
Arthur M Olsen 
J Karl Poppe 
Charles B Ripstcin 
Clifford F Storey 
Allan Strnnnhnn 
Wilson Wcisel 
George Willaucr 


The following candidates were clotted to Associate membership 
Ralph D Alley, Albany, N Y 
Noil C Andrews, Columbus, Ohio 
It William Clatworthy, Jr , Columbus, Ohio 
George H A Clowes, Jr, Cleveland, Ohio 
Oscar Creech, Jr, Houston, Texas 
Albert C Daniels, San Trant-isco, Calif 
Franklin H Ellis, Tr, Rochester, Minn 
JofFre Andre Gravel, Quebec City, Que 
Paul F Hausmann, Milwaukee, Wis 
Nathan K Tcnsen, Minneapolis, Minn 
Thomas N P Johns, Richmond, Yn 
Victor II Kuumtz, Buffalo, N Y 
Tohn L Kcelcy, Chicago, HI 
James E Lewis, Tr, St Louis, Mo 
William P Longmirc, Tr, Los Angeles, Calif 
Bertrand AY Mcy or, Los Angeles, Calif 
Paul Ncmir, Tr, Philadelphia, Pn 
Toscph L Robinson, Los Angeles, Calif 
Gordon W Thomus, St Anthony, Newfoundland 
Joseph L Mangmrdi, Freeport, N Y 
Melvin M Now man, St Albans, N Y 
Rodman E Tabor, Iowa City, Iowa 

The following resigned from the Association 
Richard Davison 
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